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*ELECTRONIC METHODS FOR THE DETECTION OF ANALYTES
UTILIZING MONOLAYERS

Thts apphcatlon is a continuing application of U.S.S.N.s 60/084,652, filed May 6, 1998; 60/084,509, filed

. May6 1998, and 09/135 183, filed August 17, 1998.

FIELD OF THE INVENTION

The present invention relates to the use of self-assembled monolayers with mxxtures of conductive
oligomers and insulators to detect target analytes

BACKGROUND OF THE INVENTION

There are a number of essays and sensors for the detectidn of the presence and/or concéritrétion of
specific substances in fluids and gases. Many of these rely on specific ligand/antiligand reactions as
the mechanism of detection. That is, pair's of sub'stanoes (i.e. the binding pairs or ligand/antiligands)
are known tobind to each other, while binding little or not at all to other substances. This has been the
focus of a number of techniques that utilize these binding pairs for the detection of the eomplexes
These generally are done by labeling one component of the complex in'some way, So as to make the
entire complex detectable, usnng, for example radlorsotopes ﬂuorescent and other optically actlve »

' molecufes enzymes, efc. -

Other: assays rely on electronic signals for detectlon Of particular interest are biosensors. At Ieast g
two types of biosensors are known; enzyme-based or metabolic biosensors and binding or btoafﬁnrty
sensors. See for example U.S. Patent No. 4,71 3,347; 5,192,507 4,920,047; 3,873.267. and
references disclosed therein. While sorr_te of these known sensors use alteméting current (AC)
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impedance. -

;The use of self-assembled monolayers (SAMs) on surfaces for binding and detection of biological
molecules has recently been explored. See for example W098/201 62, PCT US98/12430; PCT
US98/12082; PCT US99/01705; and U.S. Patent No. 5,620,850; and references cited therein.

Accordingly, it is an object of the invention to provide novel methods and compositions for the
electronic detection of target analytes using self-assembled monolayers.

SUMMARY OF THE INVENTION

In aooordance with the objects outlined abbve, the present invention provides compositions comprisihg
eléctrodes comprising a monolayer comprising conductive oligomers, and a capture binding ligand.; -
The composition further comprises a recruitment linker that comprises at least one covalently attached
electron transfer moiety, and a solution binding ligand that will bind to a target analyte.

Ina further erhbodiment, the invenﬁon‘provides rjwethods of deiecting a target analyte in a test samplé
comprising attaching said target analyte to an electrode comprising a monolayer of conductive -
oligomers via binding to a capture binding ligand. Recruitment linkers, or signal carriers, are directly .or
indirectly attached to the térget analyte i6 form an assay éomplex. The method further compﬁsés

detecting electron transfer between said ETM and said electrode.
Kits and apparatus comprising the compositions of the method are also provided.
BRIEF DESCRIPTION OF THE DRAWINGS -

ngures 1A, 1Band 1C depiét three preferred embodiments for attaching a target nucleic acid - '

" sequence to the electrode. Figure 1A depicts a target sequence 120 hybridized to a capture probe 100
linked via a attachment linker 108, ,whichas outiined herein may be either a conductive 6ligbmer oran
insulator. The electrode 105 comprises a monolayer of passiy)ation agent 107, which can corhbrise' ) e

conductive oligomers (herein depicted as 108) and/or insulators (herein depicted as 109). and

- preferably both. As for all the embodiments depicted in the figures, n is an integer of atleast1, =

a'lthoug_h as will be appreciated by those in the art, the system may not utlle_éAabcapture probe at"ali

(i.e. nis zero), althoqgh this is generally not preferred. The uppér limit of n will depend on the length- .

of the target sequence and the required sensitivity. Figure 1B depicts the use of a slngle'w'pture o
extender probe 110 with a first portion 111 that will hybridize to a first portion of the target sequence

2

. techniques, these techniques are generally limited to the detection of differences in buik (or dielectric) .
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120 and a second portion that will hybridize to the capture probe 100. Figure 1C depicts the use of
two capture 'extender probes 110 and 130. The first capture extender probe 110 has a first portion
111 that will hybridize to a first portion of the target sequence 120 and a second portion 112 that will - -
hybridize to a first portion 102 of the capture probe 100. The second wpture extender probe 130 has

" a first portion 132 that will hybridize to a second portion of the target sequence 120 and a second

portion 131 that will hybridize to a second portion 101 of the capture probe 100. As will be abpreciated
by those in the art, while these systems depict nucleic acid targets, these attachment conﬁguratrons
may be used with non-nucleic acid capture binding ligands; see for example Figure 2C.

Figure 2A, 2B, 2C and 2D depict several embodiments of the invention. Figure 2A is directéd to the
use of a capture binding ligand 200 attached via an attachment linker 106 to the electrode 105. Target

analyte 210 binds to the capture binding ligand 200, and a'solution binding ligand 22 with a direotly

attached recruitment linker 230 with ETMs 135. Figure 2B depicts a similar embodiment using an
indirectly attached recruitment linker 145 that binds to a second 'portion 240 of the solution binding
ligand 220. Figure 2C depicts the use of an anchor ligand 100 (referred to herein as an anchor probe
when the ligand comprises nucleic acid) to bind the capture binding ligand 200 comprising a portion
120 that will bind to the anchor probe 100. As will be appreciated by those in the art, any of the Figure
1 embodiments may be used here as well. Figure 2D depicts the use of an amplifier probe 145. As
will be appreciated by those in the art, any of the Figure 3 amplifier probe configurations may be used
here as well. : .

Figures 3A, 38, 3C, 3D, 3E, 3F, 3G and 3H depict some of the embodiments of the invention. While
depicted for nooleic acids, they can be used in non-nucleic acid embodiments as well, All of the
monolayers depicted herein show the presence of both conductive oligomers 108 and insulators 107
in roughly a 1:1 ratio, although as discussed herein, a variety of different ratios may be used, or the.
insulator may be oompletely absent ln addition, as will be appreciated by those in the art, any one of
these structures may be repeated for a partxcular target sequence that is, for long’ target sequenoes

,there may be multiple assay complexes formed. Addmonally any of the electrode-attachment

embodlments of Frgure 3 may be used in any of these systems

Flgures 3A, 3B and 3D have the target sequence 120 oontammg the ETMs 135 as dlscussed hereln
these may be added enzymatically, for example during a PCR reaction using nucleotides modified with
ETMs, resultifg in essentially random incorporation throughout the target sequence, or added to the
terminus of the target sequence. Figure 3C depicts the use of two different capture probes 100 and
100°, that hybridize to different portions of the target sequence 120. As will be appreciated by those in.

the art, the 5'-3' orientation of the two capture probes in this embodiment is different.
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Figure 3C depicts the use of recruitment linkers (referred to herein as label probes when nucleic aeids
are used) 145 that hybridize directly to the target sequence 120. Figure 3C shows the use of a label
probe 145, compnsmg a first portion 141 that hybridizes to a portion of the target sequence 120, a
second pomon 142 compnsmg ETMs 135.

Flgures 3E, 3F and 3G deplct systems utmzmg label probes 145 that do not hybridize directly to the
target, but rather to amplifier probes 150 that are directly (Figure 3E) or indirectly (Figures 3F and 3G)
hybridized to the target sequence. Figure 3E utilizes an amplifier probe 150 has a first portion 151 that

' hybridizes to the target sequence 120 and at least one second portion 152, i.e. the amplifier sequence,

that hybndnzes to the first portion 141 of the label probe. F'gure 3F is similar, except that a first label
extender probe 160 is used, comprising a first portion 164 that hybridizes to the target sequence 120
and a second portion 162 that hybridizes to a first portion 151 of amplifier probe 150. A second portion

' 152 of the amplifier probe 150 hybridizes to a first portion 141 of the label probe 140, which also

comprises a recruitment linker 142 comprising ETMs 135. Figure 3G adds a second label extender

_’probe 170, with a first portion 171 that hybridizes to a portion of the target sequence 120 and a second

portion that hybridizes to a portion of the amplifier probe..- .

Frgure 3H deplcts a system that utilizes multlple label probes. The ﬁrst portion 14't of the label probe
140 can  hybridize to all or part of the recruitment linker 142, - '

thures 4A and 4B show two competitive type assays of the invention. Fxgure 4A utilizes the
replacement of a target analyte 210 with a target analyte analog 310 comprising a directly attached
recruitment linker 145.. As will be appreciated by those in the art, an indirectly attached recruitment
linker can also be used, as shown in Figure 2B. anure 4B shows a competitive assay wherein the
target analyte 210 and the target analyte analog 310 attached to the surface compete for bmdnng ofa’
solution binding llgand 220 with a directly attached recruitment linker 145 (again, an lndlrectly attached
recruitment linker can also be used, as shown in Flgure 2B). In this case, a loss of signal may be seen,

' Fgures 5A, 58 5C, 5D and 5E depict addmonal embodlments of the lnventxon Flgure 5A shdws a
. oonformat:on wherein the addltlon of target alters the oonfon'nabon of the binding llgands, causmg the :
: recruxtment linker 145 to be placed near the monolayer surface. Figure 58 shows the use of the

present invention i in candidate bioactive agent screening. wheretn the addition of a drug candidate to

- target causes the solution blndmg ligand to dissociate, musmg a loss of signal. In addition, the

solution binding ligand may be added to another surface and be bound asis generally depncted in
ﬁgure 5C for enzymes. Figure 5C deptcts the use of an enzyme to cleave a substrate 260 comprising
a recruitment finker 145, causing a loss of s:gnal The cleaved piece may also be added to an
additional electrode, causmg an increase in sngnal Figure 5D shows the use of two different capture

4
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- binding ligands 200; these may also be attached to the electrode usmg capture extender hgands

Frgure 5E adds an addmonal “sandwich oomponent" in the form of an additional solution bmdmg Ilgand

250 .

~ thbres 6A-6R depict nucleic acid detection systems. Figures 6A: and 6B have the target sequence §

containi'ng the ETMs 6; as discussed herein, these may be added enzym_atiwlly; for example during a
PCﬁ reaction using nucleotides modified with ETMs, resulting in essentially random incorporation ‘
throughout the target sequence, or added to the terminus of the target sequence. Figure 6A shows
attachrhent of a capture probe 10 to the electrode 20 via a finker 15, which as discussed herein can be
either a conductive oligomer 25 or an insulator 30.' The target sequéence 5 contains ETMs 6. Figure 6B
depicts the use of a capture extender probe 11, comprising a first portion 12 that hybridizes to a
portion of the target sequence and a second portion 13 that hybridizes to the capture probe 10.

Figure 6C depicts the use of two different capture probes 10 and 10", that hybridize to different.
portions of the target sequence 5. As will be appreciated by those in the art, the 5'-3' orientation ofthe
two capture probes in this embodiment is different. -

 Figures 6D to 6H depict the use of label probes 40 that hybn'dizeidirectly to the target sequence 5.

Figure SD shows the use of a label probe 40, comprising a first porhon 41 that hybridizes to a portron
of the target sequence 5, a second portion 42 that hybndrzes to the capture probe 10anda .

reorurtment finker 50 comprising ETMs 6. A srmllar embodrment is shown in Figure 6E, wherethe

label probe 40 has an additional recruitment hnker 50. Figure 6F depicts a label probe 40 comprising-
a first portion 41 that hybridizes to a portion of the target sequence 5 and'a recruitment linker 50 with
attached ETMs 6. The parentheses highlight that for any particular target sequen‘ce 5 more than one -
label probe 40 may be used, with n being an integer of at least 1. Figure 6G depicts the use of the
Flgure 6E label probe structures but includes the use ofa smgle capture extender probe 11, witha first
portion 12 that hybndlzes to a portion of the target sequence and a second porbon 13 that hybndrzes
to the capture probe 10. Figure 6H depicts the use of the Figure 6F label probe structures but utlhzes
two capture extender probes 11 and 16. The first wpture extender probe 11 has a first portion 12 that
hybridizes to a portion of the target sequence S5and a second portion 43 that hybndrzes toa ﬁrst
portion 14 of the capture probe 10. The second capture extender probe 16 has a first portron 18 that
hybridizes to a second portron of the target sequence 5 and a second portion 17 that hybridizes to a -
second portion 19 of the capture probe 10 ' ' '

F‘rgures 61, 6J and 6K depict systems utilizing Iabet probes 40 that oo not hybridize directly to the

* target, but rather to amplifier probes. Thus the amplifier 'probe 60 has a first portion 65 that hybridizes
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to the target sequence 5 and at Ieast one second portion 70, i.e. the amplifier sequence, that
hybndizes to the first portnon 41 of the label probe ‘

Figures 6L, 6M and 6N depict systems that utilize a first label extender probe 80. In these:
embodiments, the I,abe'l extender probe 80 has a first portion 81 that hybridizes to a portion of the

'F igure 60 depicts the use of two label extender probes 80 and 90 The first label extender probe 80
' has a first portlon 81 that hybndizes to a portion of the target sequence 5, and a second portion 82 that .

hybndlzes to a first portion 62 of the amplifier probe 60. The second label extender probe 90 has a
first portion 91 that hybridizes to a second portion of the target sequence 5 and a second portion 92
that hybridizes to a second portion 61 of the amplifier probe 60.

Figure 6P depiets a system utilizing a label probe 40 hybridizing to the terminus of a target sequence
5, S '

Figures 6Q and 6R depict systems that utilizes muitipie-lebei probes. The first portion 41 of the label
probe 40 can hybridize to all (Figure 6R) or part (Figure 6Q) of the recruitment linker 50.

Fi igure 7 depicts the use of an activated carboxylate for the addition of a nucleic acnd functlonahzed
with a primary amine to a pre-formed SAM.

Figure 8 shows a representative hairpin structure. 500 is a target binding sequence, 510 is aloop
sequence 520is a seif-complementary region, 530 is substantlally complementary to a detection

probe and 530 is the “sticky end", that is, a portion that does not hybridize to any other portion of the o

probe, that contains the ETMs.

: Fig_ure 9 depicts the syntliesis of an adenosine comprising a ferrocene linked to the n‘bose.

' Figure 10 depicts the synthesis ofa ‘branch' pount (in this case an adenosine) to ailow the addition ot

EI'M polymers

Figure 11 depicts the synthetic scheme of a preferred attachment ofan ETM, in this case ferrocene, to
a nucleoside via the phosphate.

Figure 12Vdepicts the synthetic scheme of ethylene glycol terminated conductive oligomers.

target sequence 5, and a second portion 82 that hybridizes to the first portion €5 of the amplifier probe
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Flgure 13 depicts the synthesis of an msulator to the ribose of a.nucleoside for attachment toan
: electrode '

Figures 14A, 14B, 14C, 14D 14E, 14F, 14G, 14H, 141, 14 and 14K deptct a number of different
embodiments of the invention; the results are shown in Example 7. )

Figures 15A-150 depict depict a number of difterent compositions of the invention; the results are
shown in Example 7 and 8. Figure 15A depicts |, also referred to as P290. Figure 15B depicts I, also
referred to as P291. Figure 15C depicts 1}, also referred to as W31. Figure 15D depicts IV, also
referred to as N6. Figure 15E depicts V, also referred to as P292. Figure 51F depicts I, also referred
toas €23. Figure 156 deplcts Vi, also referred to as 'C15. Figure 15H depicts VIIl, also referred to’
as 095 Figure 15i deplcts Y63. Figure 1J depicts another compound of the invention. Figure 15K
deplcts N11. Figure 15L depicts C131, with a phosphoramidite group and a DMT protecting group.

. Flgure 15M deplcts W38, also with a phosphoramidite group and a DMT protectmg group. Figure 15N
* depicts the commercially available moiety that enables “branching” to occur, as its incorporation into a

growing oligonucleotide chain results in addition at both the DMT protected oxygens. Figure 150
depicts glen, also with a phosphoramidite group and a DMT protecting group, that serves as a non-

o nuclelc acid Imker Figures 15A to 15G and 15J are shown without the phosphoramtdlte and
" protecting groups (i.e. DMT) that are read:ly added. '

Flgures 16A - 168 depict representabve swns from the expenments outlined i m Examp!e 7 Unless :
otherwise noted, all scans were run at initial voltage -0.11 V, final voltage 0.5 V, with points taken
every 10 mV, amplitude of 0.025, frequency of 10 Hz, a sample period of 1 sec, a- quiet time of 2 sec.

' Figure 16A has a peak potential of 0.160 V, a peak current of 1.092 X 10 A, and apeak A of 7. 563 X

10 VA
Figure 17 depi_ém the Synthetic scheme ‘fota n‘bese linked ETM, W38 :

F'gures 18A and 188 dep:cts two phosphate attachments of conductlve ohgomers that can be used to
add the oonduotlve oligomers at the §' position, or any posrtion

F'gure 19 depicts a schematic of the synthesis of stmultaneous mcorporat:on of multiple ETMs intoa

_ nucleic acid, usmg a “branch” point nucteos:de
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Flgure 20 deprcts a schematic of an alternate method of addlng large numbers of ETMs . ‘
srmultaneously toa nucleic acid using a “branch” point phosphoramidite, as is known in the art. ‘As will
be appreclated by those in the art, each end pomt can contain any number of ETMs.

-Figures 21A, 21B, 21C, 21D and 21E depict different possible conﬁgurations of fabel orobes and

attachments of ETMs. In Figures 21A-C, the recruitment linker is nucleic acid; in Figures 21D and E,
is is not. A = nucleoside replacement; B = attachment to a base; C = attachment to a n‘oose; D=
attachment to a phosphate; E = metallocene polymer (although as described herein, this can be a
polymer of other ETMs as well), attached to a base, ribose or phosphate (or other backbone analogs);

“ F = dendrimer structure, attached via a base ribose or phosphate (or other backbone analogs); G =

attachment viaa “branching” structure, through: base ribose or phosphate (or other backbone

. analogs); H = attachment of metallocene (or other ETM) polymers; | = attachment via a dendrimer *
structure; J = attachment using standard linkers.

Figures 22A and 22B depict some of the sequences used in the Examples. -
DETAILED DESCR!PTION OF THE INVENTION

The present mventron is dlrected to the electronic detectron of analytes Previous work, described i |n
PCT U897/20014 is directed to the detection of nucleic acids, and utilizes nucleic acids covalently
attached to electrodes usmg conductive olrgomers ie chemlcal *wires”, Upon formation of double
stranded nucleic acids containing electron transfer monetres (ETMs) electron transfer can pmceed
through the stacked n-orbitals of the heterocyclic bases to the electrode, thus enabllng electronic
detectlon of target nucleic acids. In the absence of the stacked n-orbitals, i.e. when the target strand

~ is not present, electron transfer is neglrglble thus allowing the use of the system as an assay. Thls

previous work also reported on the use of self-assembled monolayers (SAMs) to electronically shield
the electrodes from solution oomponents and sngmﬁcantly decrease the amount of non-specrﬁc binding. -
to the electrodes ' :

The present mventron is directed to the disoovery that present or absence of ETMs ¢an be drrectty
detected on a surface of a monolayer rf the monolayer comprises oonductrve oligomers, and preferably
mixtures of conductive oligomers and msulators Thus for example, when the target analyte isa :
nucleic acid, the electrons from the ETMs need not travel through the stacked 1 orbitals in order to -
generate asignal. Instead, the presence of ETMs on the surface of a SAM, that.comprises conductrve
ohgomers can be directly detected. Thus, upon binding of a target analyte to a bindi ing species on the
surface, a recmrtment linker oompnsmg an ETM is brought to the surface, and detection of the ETM
can proceed Thus, the role of the target analyte and brndmg species ts to provide specnﬁcrty fora
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" recruitment of ETMs to the surface, where they can be detected using the electrode. Without being

bound by theory, one possible mechanism is that the role of the SAM comprising the conductive

‘oligomers is to “raise” the electronic surface of the electrode, while still providing the benefits of

shielding the electrode from solution components and reducing the amount of non-specific bmdmg to
the electrodes.

The invention can be generally described as fdllows, with a number of possible embodiments depicted
in the Figures. In a preferred embodiment, as depicted in Figure 2, an electrode comprising a self-
assembled mdno!ayer (SAM) of conductive oligomers, and preferably a mixture of conductive
oligomers and insdlators. and a covalently attached target analyte' binding ligand (frequently referred to
herein as a “capture binding ligand”) is made. The target analyte is added, which binds to the support-

_bound binding ligand. A solution binding ligand is added, which may be the same or different from the
- first binding Ifgand which can also bind to the target analyte, forming a “sandwich” of sorts. The *

solution binding ligand either comprises a recruitment linker contarnmg ETMs, or compnses a portion
that will either directly or indirectly bind a recruitment linker containing the ETMs. This "recruitment® of
ETMs to the surface of the monolayer allows electronic detection via electron transfer between the
ETM and the electrode. In the absence of the target analyte the recruitment linker is erther washed

_away or not in sufficient proxlmlty to the surface to allow detection.

In an alterate preferred embodiment, as depicted in Figure 4, a competitive binding type assay is rdn.
In this embodiment. the target ahalyte in the sample is replaoed by a target analyte ahalog asis.
described below and generally known in the art. The analog comprises a directly or indirectly attached .
recruitment linker oompnsmg at least one ETM. The brndmg of the analog to the capture binding
ligand recruits the ETM to the surface and allows detection based on electron transfer between the
ETM and the electrode.

ln an additional preferred embodlment. as deprcted in Fgure 4B a eompetmve assay wherem the
target analyte and a target analyte analog attached to the surfaoe compete for binding of a solubon '

, blnd'ng ligand wrth a drrectiy or lndlrectty attached recruntment lmker ln this case, a Ioss of srgnal may
be seen. | : ’ '

- Accordmgly, the present invention provides methods and oomposmons useful in the detectron of target
, analytes By ‘target analyte® or "analyte” or grammatml equivalents herein is meant any molecule or

compound to be detected and that canbindtoa brndrng species, defined below Suitable analytes

_include, but not limited to, small chemical molecules such as environmental or clinical chemical or

pollutant or biomolecule, including, but not limited to, pesticides, insecticides, toxins, therapeutic and
abused drugs, hormones, antibiotics, antibodies, organic materials, etc. Suitable biomolecules
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"'Vlnclude but are not limited to, protelns (including enzymes, immunoglobulins and glycoprotems)

nucleic acids, lipids, lectins, carbohydrates, hormones, whole cells (mciudmg procaryotxc (such as

: pathogemc bactena) and eucaryotic cells, including mammalian tumor cells), wruses spores, etc.
. Partlcularly preferred analytes are proteins including enzymes; drugs cells; antsbodnes antigens;

cellular membrane antigens and receptors (neural, hormonal, nutnent and cell surface receptors) or -
their ligands. ‘

By 'broteins' or grammatical equivalents herein is meant proteins, oligopeptides'and peptides, and |
analogs, including proteins containing non-naturally occunng amino acids and amino ECId analogs,
and peptidomimetic structures.

‘As will be appreciated by those in the art, a large number of analytes may be detected using the

present methods; basically, any target analyte for which a binding ligand, described below, may be
made may be detected using the methods of the mventton

: By nuclelc acid” or "oligonucleotide” or grammatlcal equuvalents herein means at least two

nucleotldes covalently linked together, A nucleic acid of the present invention will generally contain .

, » phosphodiester bonds, although in some cases as outllned below, nucleic acnd analogs are lncluded

that may have alternate backbones, comprising, for example phosphoramlde (Beaucage etal,
Tetrahedron 49(10):1925 (1993) and references therein; Letsinger, J. Org. Chem. 35:3800 (1970)
Sprinzl et al., Eur. J. Biochem. 81:579 (1977). Letsinger et al., Nucl: Acids Res. 14:3487 (1986); Sawai
etal, Chem. Lett. 805 (1984), Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al.,
Chemica Scripta 26:141 91986)). phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437 (1 991);
and U.S. Patent No. 5, 644 ,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. 111:2321 (1989),
O-methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical
Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see Egholm J.
Am. Chem. Soc. 114:1895 (1992); Meier et al., Chem. Int. Ed. Engl. 31:1008 (1992), N»elsen Nature -
365:566 (1993); CarIsson et al., Nature 380:207 (1996) all of which are incorporated by reference)
Other analog nucleic acids mclude those with posmve backbones (Denpcy et al., Proc. Natl. ‘Acad. Sci.
USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386,023, 5,637,684, 5,602,240,
5,216,141 and 4,469,863; Kiedrowshi et al., Angew. Chem. Intl Ed. English 30:423 (1991); Letsinger -
etal, J Am. Chem. Soc 110:4470 (1988); Letsmger et al., Nucleoside & Nuc!eotlde 13: 1597 (1994);
Chaptels 2 and 3, ASC Symposium Series 580, ‘Carbohydrate Modnﬁwhons in Antisense Research" _
Ed.Y.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medlclnal Chem. Lett. 4:395 _ A
{1984); Jeffs et al., J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) andnon- : - -
ribose backbones, xncluding those descnbed in U.S. Patent Nos. 5,235,033 and 5, 034 506, and
Chapters 6 and 7, ASC Symposnum Series 580 *Carbohydrate Modifications in Antxsense Research'
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Ed. Y.S. Sanghui and P. Dan Cook. NUclelc acids containing one or more carbocyclic sugars are also
included within the deﬁnition of nucleic acids (see Jenkins et al,, Chem. Soc. Rev. (1995) pp169-
176). Several nucleic acid analogs are described in Rawls, C & E News June 2, 19§7 page 35. All of
these references are hereby expressly mcorporated by referenoe These modrﬁcatxons of the ribose-
phosphate backbone may be done to facilitate the addition of ETMs, o to increase the stabxllty and

’half-llfe of such molecules in physnologlcal envrronments

As will be appreciated by those in the art, all of these nucleic acid analogs may find use in the present -

invention. In addition, mixtures of naturally occurring nucleic acids and analogs can be made; for
example, at the site of conductive oligomer or ETM attachment, an analog structure may be used
Altematrvely mixtures of different nucleic acid analogs, and mixtures of naturally occunng nucleic
acids and analogs may be made.

Particularly breferred are peptide nucleic acids (PNA) which includes peptide nucleic acid analogs.
These backbones are substantially non-ionic under neutral conditions, i in contrast to the hlghly
charged phosphodlester backbone of naturally occumng nucleic acids. ThlS results in two
advantages. First, the PNA backbone exhibits |mproved hybridization klnetlcs PNAs have larger
changes in the melting temperature (T m) for mlsmatched versus perfectly matched basepalrs DNA
and RNA typically exhibit a 2-4°C drop in Tm for an mtemal mnsmatch With the non-ronlc PNA
backbone the drop i is closer to 7-9°C. -Similarly, due to therr non-tomc nature, hybndlzatlon of the
bases attached to these backbones is relatwely msensrtrve to salt concentratlon This i is particularly
advantageous in the systems of the present lnvenhon asa reduced salt hybndlzatlon SOIUthﬂ hasa

s lower Faradarc current than a physnologlcal salt solutton (ln the range of 150 mM).

The nucleic acids may be smgle stranded or double stranded, as specified, or contain portlons of both
double ‘stranded or single stranded sequence. The nucleic acid may be DNA, both genomlc and
CDNA, RNA or a hybrid, where the nucleic acid contains any oombxnatlon of deoxynbo- and nbo-
nucleotides, and any combmatron of bases includmg uracll ademne thymlne cytosme guamne e
inosine, xathanine hypoxathanine, isocytosine, |soguanlne etc. A preferred embodlment utilizes
lsocytosme and i lsoguamne in nucleic acids designed to be complementary to other probes, rather -
than target sequences, as this reduces non-specific hybridization, as is generally descnbed in u. S.
Patent No. 5,681,702. As used herem the term nucleosrde includes nucleotrdes as well as 4
nucleoside and nucleotide analogs and modrﬁed nucleosndes such as amlno modlﬁed nucleosldes ln
addition, nucleosrde includes non—naturally occunng analog structures ‘lhus for example the
rndmdual units of a peptrde nuclelc acid, each oontalnmg a base, are referred to herein as a
nucleosrde :
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'In one embodiment, nucleic acid target analytes.are not»preferred.

- As will be apprecrated by those in the art, a large number of analytes may be detected usrng the
'present methods; basrcally any target analyte for which a binding lrgand descnbed below, may be

made may be detected using the methods of the invention.

Accordingly, the present invention provides methods and composrtlons useful in the detection of target
analytes. Ina preferred embodiment, the compositions comprise an electrode comprisinga .
monolayer. By “electrode” herern is meanta composition, which, when connected to an electronic

Adevrce is able to sense a currenl or charge and convert it to a signal. Thus, an electrode is an ETM

as described herein.’ Preferred electodes are known in the art and rnclude but are not limited to,
certain metals and their oxides, including gold; platrnum palladium; silicon; ‘aluminum; metal oxide
electrodes rncludrng platrnum oxide, titanium oxide, tin oxide, indium tin oxide, palladium oxide, silicon

‘oxide, aluminum oxide, molybdenum oxide (Mo,Og), tungsten oxide (WO,) and ruthenium oxides; and

carbon (rncludrng glassy carbon electrodes, graphite and carbon paste). Preferred electrodes include
gold, silicon, carbon and metal oxide electrodes, with gold being partrcularly preferred.

The electrodes descnbed herein are depicted asa flat surfaoe whrch is only one of the possible -

" conformations of the electrode and is for schematic purposes only The conformation of the electrode -

will vary wrth the detectron method used. For example, flat planar electrodes may be preferred for
optml detection methods or when arrays of nucleic acids are made, thus requiring addressable
locations for both synthesis and detectron Altematrvely for single probe analysis, the electrode may
be in the form of a tube, with the SAMs oompnsing conductrve oligomers and nucleic acids bound to
the inner surface. This allows a maxrmum of surface area contarnrng the nucleic acids to be exposed
toa small volume of sample

The electrode compnses a monolayer compnsrng oonductrve olrgomers By monolayer' or self- .
assembled monolayer" or 'SAM' herein i is meant a relatrvely ordered assembly of molecules _
spontaneously chemrsorbed on a surface rn whrch the molecules are oriented approxrmately parallel
to each other and roughty perpendrcular to the surface Each of.the molecules includes a functronal
group that adheres to the surface and a portron that. lnteracts with neighboring melecules in the

: monolayer to form the relatrvely ordered array. A “mixed” mcnolayer comprises a _heterogeneous'

monolayer that rs where at least two drfferent molecules make up the. monolayer The SAM may
comprise oonductrve olrgomers alone ora mixture of conductrve oligomers and insulators. As outlined
herein, the use of a monolayer reduces the amount of non-specific binding of biomolecules to the
surface, and, in the case of nucleic acids, increases the efficiency of olrgonucleotrde hybridization as a
result of the distance of the oligonucleotide from the electrode Thus a monolayer facilitates the
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mamtenance of the target analyte away from the electrode surface In addmon a monolayer serves fo
keep charge camers away from the surface of the electrode. Thus, this layer helps to prevent .
electrical contact between the electrodes and the ETMs, or between the electrode and charged
sbecies within the solvent. Such contact can result in a direct “short circuit” or an indirect short circuit
via charged species which may be present in the sample. Accordingly, the monolayer is preferably
tigh'tly packed in a uniform layer on the electrode surface, such that a minimum of "holes” exist. The _
monolayer thus serves as a physical barrier to block solvent accesibility to the electrode.

- In a preferred embodiment, the monolayer comprises conductive oligomers. By “conductive oligomer” -
‘herein is meant a substantlally conducting oligomer, preferably linear, some embodiments of which are

referred to in the literature as “molecular wires”. By substanttally conducting” herein is meant that the
oligomer is capable of transfering electrons at 100 Hz Generally, the conductive oligomer has -
substantially overlappmg n-orbitals, i.e. conjugated n-orbntals as between the monomeric units of the
conductive oligomer, although the conductive oligomer may also contain one or more sigma (o) bonds. '
Additionally, a conductive cligomer may be defined functionally by its ability to inject or receive
electrons into or from an associated ETM. Furthermore, the conductive oligomer is more oonductlve
than the insulators as defined herein. Addmonally the conductive ohgomers of the mventlon are tobe
dlstmgulshed from electroactlve polymers that themselves may donate or accept electrons '

Ina preférred emhodiment. the conductive oligomers have a conductivity; S, of from between about ‘
106 to about 10* Q@'cm™, with from about 10°° to about 10° Q'cm™ being preferred, with these S values
being calculated for molecules ranging from about 20A to about 200A. As described below; msulators
have a conductivity S of about 107 Q'em™ or lower, with less than about 10° O'em”! being preferred.
See generally Gardner et al., Sensors and Actuators A 51 (1995) 57-66, moorporated herein by

referenoe

» Declred charactenstlcs of a oonductwe oligomer mdude hvgh oonductlvity, sufﬁc:ent solubllny in

organic solvents and/or water for synthesis and use of the oomposutlons of the invention, and .
preferably chemical res:stance to reactions that occur i) dunng nucleic acid synthesis (such that

. nucleosides containing the oonductlve oligomers may be added to a nucleic acid synthesizer during

the synthesis of the compositions of the invention), u) dunng the attachment of the conductive oligomer
toan eleotrode or iii) during hybridization assays. In addition, conductive ohgomers that w:ll promote '

-the formahon of self-assembled monolayers are preferred

The ofigomers of the invention eorn’p‘n’se at least two monorhend sUbonits;"as described herein. As s -
described more fully below, oligomers include homo- and hetero-oligomers, and include polymers.
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In a preferred embodlment, the conductive orgomer has the structure depicted in Structure 1
Structure 1

ey

As will be understood by those in the art, all of the structures depicted herein may have additional :
atoms or structures; i.e. the conductive oligomer of. Structure 1 may be attached to El‘Ms soch‘ es
electrodes, transition ‘metal complexes, organic ETMs, and metaliocenes, and to capture binding
ligands such as riuoleic acids, or to several of these. Unless otherwise noted, the conductive oligomers

" Adepicted herein will be attached at the left side to an electrode; that is, as depicted in Structure 1, the

left "Y' is connected to the electrode as described herein. If the conductive ohgomer is to be attached
toa bmdmg ligand, the right Y, if present, is attached to the capture bmdmg ligand, exther directly or
through the use of 2 lmker as is described herein.

In this embodiment, Y is an aromatic group, n is an integer from 1 to 50, g is either 1 or 2ero, eisan
integer from zero to 10, and m is zero or 1. Whengis 1, B-D is a conjugated bond, preferably
selected froro Aacetylene, alkene, substituted alkene, amide, azo, -C=N- (including -N=C-, -CR=N- and
-N=CR-), -Si#Si- and -Si=C- (inoluding -C=8I-, -Si=CR- and -CR=Si-). . -When g is zero, e is preferably
1, D is preferably carbonyl, or a heteroatom moiety, wherein the heteroatom is selected from oxygen,
sulfur, nitrogen, silicon or phosphorus. Thus, suitable heteroatom moieties include, but are not llmlted
to, -NH and -NR; wherem R is as defined herein substituted sulfur; sulfonyl (-SO;-) sulfoxide (-SO-);
phosphme oxide (-PO- and -RPO-); and lmophosphine (-PS-and ~RPS-) However when the
conductive oligomer is to be attached to-agold electrode, as outlined below. sulfur derivatives are not
preferred. . U R :

) :.By aromahc group or grammatlcal eqmvalents herein is meant an aromahc monocychc or polycycllc -
E hydroczrbon moiety generally oontammg 51014 carbon atoms (although larger polycycllc rings - _
structures may be made) and any carbocylic ketone or thioketone derivative thereof, wherein the

carbon atom with the free valence is a member of an aromatic ring. Aromatic groups inolude arylene
groups and aromatic groups with more than two atoms removed' For the purposes of this application
aromatlc includes heterocycle “Heterocycle” or 'heteroaryl" means an aromatic group wherem 1to 5
of the indicated carbon atoms are replaced by a heteroatom chosen from mtrogen oxygen, sulfur,
phosphorus, boron and silicon wherein the atom with the free valence is a member of an ammabc ring,
and any heterocyclic ketone and thioketone derivative thereof. Thus heterocycle includes thienyl,
furyl pyrrolyl, pynmsdmyl oxalyl, indolyl, purlnyl quinolyl, isoquinolyl, thiazolyl, imidozyl, etc.
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“Imporlantly. the Y aromatic groups of the conductive oligomer may be different, i.e. the conductive

ohgomer may be a heterooligomer. That is, a conductive oltgomer may comprise a oltgomer ofa
smg!e type of Y groups, or of multiple types of Y groups. )

The aromatic group may be substituted with a substitution group, generally depicted hereinasR: R~ -
groups may be added as necessary to affect the packing of the conductive oligomers, i.e. R groups
may be used to alter the association of the oligomers in the monolayer. R groups may also be added
to 1) alter the solubility of the oligomer or of compositions containing the oligomers 2) alter the
conjugation or electrochem:cal potential of the system and 3) alter the charge or characteristics at the
surface of the monolayer

In a preferred embodiment, when the conductive oligomer is gréater than three subunits, R groups are
preferred to increase solubility when solution synthesis is done. However, the R groups, and their
positions, are chosen to minimally effect the packing of the conductive oligomers on a surface, A
particularly within a monolayer, as described below. In general, only small R groups are used within
the monolayer with Iart;er R groups generally above the surface of the monolayer. Thus for ekam'ple '

" the attaohment of methyl groups to the portion of the conductive ohgomer within the monolayer to S
-increase solublhty is preferred, with attachment of longer alkoxy groups, for example C3to C10, rs

preferably done above the monolayer surface. In general, for the systems descnbed herem this
generally means that attachment of sterically significant R groups is not done on any of the first two or
three oligomer subunits, depending on the average length of the molecules making up thie monolayer.

Suitable R groups include, but are not limited to, hydrogen alkyl, alcohol, aromatic, amino, amido,
nitro, ethers, esters, aldehydes, sulfonyl, silicon moretres ha!ogens sulfur containing moieties,
phosphorus contalmng moieties, and ethylene glycols.. In the structures deplcted herein, Ris
hydrogen when the posmon is unsubstituted. It should be noted that some positions may allow two . -
substitution groups, R and R' in which case the R and R’ groups may be either the same or drfferent

By "alkyl group" or grammatiwl equivalents herein is' meant a straight or branched chain alkyl gmup.-
with straight 'chatn alkyl groups being prefened. If branched, it may be branched at oné or more -
positions, and unless specified, at any position The alkyt group may range from about 1 to about 30 -
carbon atoms (C1-C30), witha prefened embodiment utilizing from about 1 to about 20 carbon atoms

-(C1 —CZO) with about C1 through about C12 to about C15 bemg preferred, and C1 to C5 being

particularly preferred although in some embodlments the alkyl group may be much larger. Also
included within the definition of an alkyl group are cyctoalkyl groups such as C5 and C6 rings, and
heterocyclic rings with nitrogen, oxygen, sulfur or phosphorus. Alkyl also includes heteroalkyl, with
heteroatoms of sulfur, oxygen, nitrogen, and silicone being preten'ect. Alkyl includes substituted alkyl
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groups. By “substituted alkyl group” herein is meant an alkyl group further comprising one or more
substltutron monetres “R®, as defined above. '

By amino groups” or grammatlcal equivalents herein is meant -NH,, -NHR and -NR, groups with R
bemg as defined hereln -

By “nitro group” herein is meant an -NO, group.

By “sulfur containing moieties” herein is meant compounds contarmng sulfur atoms, including but not

-limited to, thia-, thio-'and sulfo- compounds, thiols (-SH and -SR), and sulfides (-RSR-). By

phosphorus contamlng moieties” herein is meant compounds containing phosphorus including, but

" not llmrted to, phosphines and phosphates. By “silicon containing moletres herein is meant

compounds containing srlloon

By “ether” herein is meant an -O-R group Preferred ethers include alkoxy groups, with -0-(CH,),CH,
and -O-(CH,),CH, being preferred. :

By “ester” herein is meant a -COOR group.

By "halogen herein is meant bromine iodine, chlonne, or ﬂuonne Preferred substrtuted alkyls are
partlally or fully halogenated alkyls such as CF;, etc. )

- I_3y "aldehyde" herein is meant -RCHO groups.' '

By “alcohol” herein is meant CH groups, and alkyl alcohols -ROl-l.’ ‘

By “amido” herein is meant-éRCONH- or RCONR- group‘s_.' -

By ethylene glyool' or (poly)ethylene glycol' herern is meant a -(0-CH,~CH,),, group, although each
carbon atom of the ethylene group may also be smgly or doubly. substituted, i.e. -(O-CR,-CR,),~, with
R as described above. Ethylene glycol derivatives with other heteroatoms in place of oxygen (i.e. -(N-
CH,-CH,),,- or -(S-CH,-CH,),, , OF with substitution gmups) are also preferred ’ ’

Preferred substrtuhon groups molude but are not limited to, methyl ethyl, propyl alkoxy groups such
as -O-(CH,),CH, and -O-(CH,),;CH3 and ethylene glycol and derivatives thereof
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- ‘Pre-ferred aromatic groups include, but are not limited to, phenyl' nephthyl naphthalene, anthracene,

phenanthrolme pyrole, pyridine, thiophene, porphyrins, and substltuted denvatrves of each of these,
included fused ring derivatives. :

In the conductive oligomers depicted herein, when g is 1, B-D is a bond linking two atoms or chemical
moieties. in a preferred er_nbodiment, B-D is a conjugated bond, containing overlapping or conjugated
n-orbitals. . -

Preferred B-D bonds are selected from acetylene (-C=C-, also called alkyne or ethyne), alkene (-
CH-CH- ‘also called ethylene) substituted alkene (-CR= CR-, -CH=CR- and -CR-CH-) amide ( -NH-
CO- and -NR-CO— or -CO-NH- and -CO-NR—) azo (-N- -), esters and thioesters (-CO-O- -0-CO-, -
CS-O- and -O—CS-) and other conjugated bonds such as (-CH N-, -CR-N- -N= CH- and -N=CR-), (-

gSlH—SlH— -SiR=SiH-, -SIR"SIH- and -SiR=SiR-), (-S|H=CH- -SlR-CH- =SiH= CR— -SiR=CR-, -

CH=SiH-, -CR=SiH-, -CH= =SiR-, and -CR=SiR-).. Partlcularly preferred B-D bonds are acetylene,
alkene, amide, and substituted derivatives of these three, and azo. Especially preferred B-D bonds
are abetylene‘ alkene and amide. The oligomer components attached to double bonds may be in the:
trans or cis conformation, or mixtures. Thus, either B or D may include carbon, mtrogen or smoon

. The substntutron groups are as deﬁned as above forR.

When g=0in the Structure 1 conductive oligomer,'e is preferably 1-and the D moiety may be carbonyt _
or a heteroatom moiety as defined above.

As above for the Y rings, within any single conductive oligomer, the B-D bonds (or D moieties, when
g=0) may be all the same, or at least one may be different. For example, when m is zero, the terminal
B-D bond may be an amide bond, and the rest of the B-D bonds may be acetylene bonds. Generally

_ when amide bonds are present, as few amide bonds as possble are preferable, butin some
: embodlments all the B-D bonds are amtde bonds. Thus, as outlined above for the Y nngs one type of

B-D bond may be present in the oonductrve oligomer within a- monolayer as descnbed below, and -

. another type above the monolayer level, for example to glve greater ﬂexblllty for analyte binding -

ligand brndlng, when the capture blnding ligand is attached via a conductlve oligomer.

In the structures depicted herein, n rs an integer from 1 to 50, although longer orgomers may also be .
used (see for example Schumm et al., Angew. Chem Int. Ed Engl." 1994 33(13):1360). Without .
bemg bound by theory, it appears that for efficient association of binding ligands and targets, th_e :

reaction should occur at a distance from the surface. Thus, for example, for nucleic acid hybridization -

of target nucleic acids to capture probes ona surface, the hybridization should occur ata distance -
from the surface, i.e. the kinetics of hybridization increase as a function of the distance from the
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surface, partrcularly for Iong oligonucleotides of 200 to 300 baseparrs Amordtngly, when a nuclerc .
acid is attached via a conductive oligomer, as is more fully described below, the length of the .
conductive oligomer is such that the closest nucleotide of the nucleic acid is positioned from about 6A -
to about 100A (although distances of up to 500A may be used) from the electrode surface, wrth from
about 15A to about 60A being preferred and from about 25A to about 60A also being preferred
Aocordmgty n will depend on the size of the aromatic group, but generalty will be from about 1 to

about 20, with from about 2 to about 15 being preferred and from about 3 to about 10 being especially

preferred.

In the structures depicted herein; miis either 0 or 1. That is, When mis 0, the con'ductive o'tigomer may
terminate in the B-D bond or D moiety, i.e. the D atom is attached to the capture binding ligand either
directly or via a linker. In some embodiments for example when the conductive bligomer is attached
to a phosphate of the ribose-phosphate backbone of a nucleic acid, there may be additional atoms,
such as a linker, attached between the conductive oligomer and the nucleic acid. ‘Additionally, as
outlined below, the D atom may be the nitrogen atom of the amino-modified ribose, Alternatively,
when mis 1, the conductive oligomer may termmate in'Y, an aromatic group, i.e. the aromatic group is
attached to the capture bmdmg hgand or lmker '

: As will be appreciated by those inthe art, a large number of possrble conductive | ollgomers may be

utilized. These include conductlve olrgomers fallmg within the Structure 1 and Structure 8 formulas, as

Awell as other conductive ohgomers as are generally known in the art, including for example

eompounds compnsmg fused aromatic rings or Teﬂon®-hke oligomers, such as «CF,),- -(CHF),, and

»-(CFR),, See for example Schumm et al., Angew. Chem. Intl. Ed. Engl. 33: 1361 (1994); Grosshenny

et al., Platinum Metals Rev. 40(1):26-35 (1996); Tour, Chem. Rev. 96:537-553 (1996). Hsung et al
Organometalhcs 14 :4808-4815 (1995; and references ¢ited therein, all of whrch are expressly

, moorporated by reference

' Parﬁcularly preferred cenductiVe oligomers of tttis'embo‘dirnent are depicted below: -

Structure 2

ey

Structure 2is Structure 1 when gis 1 Preferred embodrments of Structure 2 rnclude eis zero, Y is-
pyrole or substituted pyrole; e is zero, Y is thiophene or substituted thiophene; e is Zero, Y is furan or
substituted furan; e rs zero, Y is phenyl or substituted phenyl; e is zero, Y is pyridine or substituted

pyridine; e is 1, B-D is acetylene and Y is phenyl or substituted phenyl (see Structure 4 below). A
preferred embodiment of Structure 2is also when e is one, depicted as Structure 3 below:
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. R Structure3 A ' ‘ ' '

ey

Preferred embbdiments of Structure 3 are: Y is phenyl or substituted phenyl and B-D is azo, Y is
phenyl or substituted phenyl and B-D is acetylene; Y is pheny! or substituted phenyl and B-D is alkene;
Y is pyridine or substituted pyridine and B-D is acetylene; Y is thiophene or substituted thiophene and -
B-D is acetylene; Y is furan or substituted hiran and B-D is acetylene; Y is thiophene or furan (or

."substituted thiophene or furan) and B-D are alte_'rnating alkene and acetylene bonds.

Most of the structures depicted herein utiize a Structure 3 conductive oligomer. However, any

 Structure 3 oligomers may be substituted with any of the other structures depicted herein, i.e. .
,Structure 1 or 8 oligomer, or other conductmg oligomer, and the use of such Structure 3 depiction is

not meant to lrrnrt the scope of the invention.

Pamcularly preferred embodiments of Structure 3 include Structures 4, 5, 6 and 7 deprcted below:
Structure 4

Partrcularly preferred embodiments of Structure 4 include; n is two, m is one, and R is hydrogen nis -
three, m is zero and R is hydrogen; and the use of R groups to i mcrease solubility.
: Structure,s

When the B-D bond isan amrde bond as in Structure 5 the conductrve olrgomers are pseudopeptrde '
olrgomers Although the amide bond i in Slructure Sis deprcted with the carbonyl tothe ieft, i.e. -
CONH-, the reverse may also be used, i.e. -NHCO- Partrculany preferred embodiments of Structure
S include: nis two, mis one, andRis hydrogen nis three mis zero, and Ris hydrogen (in this

.embodiment, the terminal nitrogen (the D atom) may be the nitrogen of the amino-modified nbose)
- and the use of R groups to increase solubility. :
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Preferred embodiments-of Stmcture 6 include the ﬁrst n is two, second n is one mis zero, and all R
groups are hydrogen, or the use of R groups to increase solubility.
Structure 7

Preferred embodiments of Structure 7 include: the ﬁrst n is three, the second niis from 1-3, with m
being either 0 or 1, and the use of R groups to increase solubility.

Ina preferred embodlment the conductive oligomer has the structure depicted in Structure 8:
Structure 8 B

ey

ln thns embodlment, C are carbon atoms nisan mteger from1to 50, misOor1,Jisa heteroatom

_selected from the group consisting of oxygen, mtrogen silicon, phosphorus, sulfur, carbonyl or

sulfoxide, and G is a bond selected from alkane, alkene or acetylene, such that together with the two
carbon atoms the C-G-C group is an alkene (-CH=CH-), substituted alkene (-CR=CR-) or mixtures
thereof (-CH=CR- or -CR=CH-), acetylene (-C=C-), or alkane (-CR,-CR,-, with R being either

hydrogen or a substitution group as described herein). The G bond of each subunit may be the same -
or different than the G bonds of other subunits; that is, attemating oligomers of alkene and acetylene
bonds could be used, etc. However, when G is an alkane bond the number of alkane bonds in the
oligomer should be kept to a mmimum with about six or less sigma bonds per conductive oligomer
berng preferred. Alkene bonds are preferred, and are generalty depicted herein, although alkane and
acetylene bonds may be substltuted in any structure or embodxment described herem as wrll be
appreciated by those in the art. : '

in some embodiments, for example when ETMs are not present, if m=0 then at least one of the G
bonds is not an alkane bond. .

!n a preferred emboo”ment, the m of Structure 8is zero. In a partrcularly preferred embodiment. mis
zero and G is an alkene bond, as is deptcted in Structure o

Structure 9

,)._
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The alkene oligomer of structure 9 and others deplcted hereln are generally deprcted in the preferred
trans configuration, although oligomers of cis or mixtures of trans and cis may also be used. As
above, R groups may be added to alter the packmg of the composmons on an electrode the »
hydrophmc:ty or hydrophobicity of the ohgomer and the ﬂexﬂxhty i.e. the rotational, torsional or

T Iongltudlnal ﬂexrbmty of the oligomer. nis as deﬁned above.

‘Ina pre_ferred embodiment, R is hydrogen, although R may be also alky! groups and polyethylene

glycols or derivatives.

In an alternative embodiment, the conductive oligomer may be a mlxture of dlfferent types of
ohgomers for example of structures 1 and 8.

in addition, the terminus of at least some of the conductive oligomers in the monolayer are
electronically exposed.” By “electronically exposed® herein is meant that upon the pla‘cement of an
ETM in‘close proximity to the terminus, and after initiation with the appropriate signal, a signal
dependent on the presence of the ETM may be detected. The conductive oligomers may or may not
have terminal groups. Thus, in a preferred embodiment, there is no additional terminal group, and the
conductive olrgomer terminates with one of the groups depicted in Structures 1t09; for example aB-

. D bond such as an acetylene bond. Attematrvely m a preferred embodlment, a termlnal group is

added sometnmes depicted hereln as Q. A termmal group may be used for several reasons; for
example, to contnbute to the electronic avallablhty of the conductive oligomer for detectnon of ETMs, or
to alter the surface of the SAM for other reasons, for example to prevent non- specrﬁc bmdmg For
example there may be negatively charged groups on the terminus to form a negatlvely charged
surface such that when the target analyte is nucleic acid such as DNA or RNA, the nucleic acld is
repelled or prevented from lying down on the surface, to facilitate hybridization. Preferred terminal
groups include -NH,, -OH, -COOH, and alkyl groups such as -CH,, and (poly)alkyloxxdes such'as

- {poly)ethylene glycol, with -OCHZCHon -(OCHZCHZO)zH -(OCH,CH,O),H and -(OCH,CH,O).,H

being preferred.

In one embodument, it is possible to use mnxtures of conductive oligomers with dlfferent types of :
terminal groups. Thus, for example, some of the tenmnal groups may facilitate detection, and some
may prevent non-specific bmdlng

It will be appreciated that the monolayer rnay comprise different conductive oligorner species, etthough
preferably the different species are chosen such that a reasonably umform SAM can be formed Thus,

.for example, when capture binding Ilgands are covalentty aftached to the e!ectrode using conductive

oligomers, it is possible to have one type of conductive oligomer used to attach the capture binding -
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ligand, and another type functioning to detect the ETM. Similarly, it may be desirable to' have mixtures
of different lengths of conductive oligomers in the monolayer, to help reduce non-specificsignals. -
Thus, for example, preferred embodiments utilize conductive oligomers that terminate below the
surface of the rest of the monolayer i.e. below the insulator layer, if used, or below some fraction of
the other conductive oligomers. Similarly, the use of different conductive oligomers may be done to
facilitate monolayer formation, or to make monolayers with altered propemes

ina preferred embodrment the monolayer may further comprise insulator moretles By msulator' :

herern is meanta substantially nonconducting olrgomer preferably linear. By substantlally
nonconducting” herein is meant that the insulator will not transfer electrons at 100 Hz. The rate of
electron transfer through the insulator is preferrably’ slower than the rate through the conductlve
oligomers described herein.

ina preferred embodiment, the lnsulators have a conductivity, S, of about 107 Q'cm™ or lower, with

-less than about 1 Of’ Q'cm™ being preferred. See generally Gardner etal, supra.

' Generally rnsulators are alkyl or heteroalkyl oligomers or moieties with srgma bonds, although any.

particular insulator molecule may contain aromatic groups or one or more conjugated bonds. By:
“heteroalkyl” herein is meant an alkyl group that has at least one heteroatom, i.e. nitrogen, oxygen,
sulfur, phosphorus silicon or boron included in the chain. Alternatively, the insulator may be quite '
similar to a conductive oligomer with the addition of one or more heteroatoms or bonds that serve to
inhibit or siow, preferably substantially, electron transfer.

Suitable rnsulators are known in the art, and rnclude but are not limited to, -(CHz),, . -(CRH),, , and -
(CR,),-, ethylene glycol or denvatwes usmg other heteroatoms in place of oxygen, i.e. nrtrogen or
sulfur (sulfur denvatlves are not preferred when the electrode is gold) ‘

As for the odnductive oligomers, the insulators may be substituted with R groups as deﬁned herein to
alter the packing of the moieties or conductive oligomers on an electrode, the hydrophilicity or
hydrophoblcrty of the insulator, and the flexrbrlrty, i.e. the rotational, torsional or longltudmal ﬂexrblllty of
the insulator, For example branched alkyl groups may ‘be used. Slmrlarly, the insulators may contain

-termmal groups, as outlined above, particularly to influence the surface of the monolayer

The length of the species maldng up the monolayer will vary as needed. As outlined above' rt'appears

that binding is more efficient at a distance from the surface. The species to which capture binding
lrgands are attached (as outlined below, these can be either insulators or conductive oligomers) may

" be basically the same length as the monolayer forming species or longer than them, resulting in the
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nucleic acids being more accessible to the solvent for h)‘rbri.diz'atipn‘ In some embodiments, the
conductwe oligomers to which the capture binding hgands are attached may be shorter than the
monolayer '

. As will be appreciated by those in the art, the actual combinations and ratios of the different species

making up the monolayer can vary widely. Generally, three component systems are preferred with
the first specres comprising a capture binding ligand containing species (i.e. a capture probe, thatcan *

Abe attached to the electrode via either an insulator or a conductive oligomer, as is more fully described.
-below). The second species are the conductive oligomers, and the third species are insulators. In this
- embodiment, the first species can comprise from about 80% to about 1%, with from about 20% to

about 40% being preferred. When the capture binding ligands are nucleic acids and the target is
nuclerc acid as well, from about 30% to about 40% is especially preferred for short olrgonucleotrde
targets and from about 10% to about 20% is preferred for longer targets. The second species can
comprise from about 1% to about 90%, with from about 20% to about 90% being preferred, and from
about 40% to about 60% being especially preferred. The third species can comprise from about1%to A
about >90%,-with from about 20% to about 40% being preferred, and from about 15% to about 30%
being especially preferred. Preferred rattos of ﬁrstsecond third specues are 2:2:1 for short targets,
1:3:1 for longer targets, with total thiol concentration i in the 500 pM to 1 mM range, and 833 pM belng
preferred

ln a preferred embodlment. two component systems are used, oomprlsmg the first and second
specues in thxs embodiment, the first species can comprise from about 90% to about 1%, with from
about 1% to about 40% being preferred, and from about 10% to about 40% bemg especually preferred.
The second species can comprise from about 1% to ‘about 90%, with from about 10% to about 60%
helng preferred, and from about 20% to about 40% bemg especially preferred.

_ The covalent attachment of the conductive ohgomers and insulators may be aceomphshed in a variety

of ways, depending on the electrode and the composition of the insulators and conductrve oligomers’
used. In a preferred embodiment, the attachment linkers with covalenﬂy attached capture bmdmg
hgands as deprcted herein are covalently attached to an electrode. Thus one ‘end or terminus of the

- attachment linker i is attached to the capture binding llgand and the other is attached to an electrode.

In some embodlments it may be desirable to have the attachment linker attached ata posrtton other
than a terminus, or even to have a branched attachment linker thatis attached toan electnode atone
terminus and to two or more capture binding ligands at other termmr although this is not preferred
Similarly, the attachment linker may be attached at two sites to the electrode, as is generally depicted -
in Structures 11-13. Generally, some type of linker is used, as depicted below as "A” in Structure 10,
where °X" is the conductive oligomer, “I" is an insulator and the hatched surface is the electrode:
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Structure 10 -
/ .
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In this embodiment, A is a linker or atom. The choice of *A” will depend i part on the characteristics

of the électrode. _Thus, for example, A may be a sulfur moiety when a gold electrode is used.
Alterhativ'ely when metal oxide electmdes are used, A may be a silicon (silane) mblety attached to the
oxygen of the oxnde (see for example Chen et al., Langmuir 10:3332-3337 (1994) Lenhard et al., J.
Electroanal. Chem. 78: 195-201 (1977), both of which are expressly mcorporated by reference) When -
carbon based electrodes are used, A may be an amino moiety (preferably a pnmary amine; see for -
example Deinhammer et al., Langmuir 10:1306-1313 (1994)). Thus, preferred A moieties include, but
:are not limited to, silane moieties, sulfur moieties (including alkyl sulfur moieties), and amino moieties.
In a preferred embodiment, epoxide type linkages with redox polymers such as are known in the art
are not used. ' '

Although depicted herein as a sin"g'le moiety, the insulators and conductive oligomers mey be attached
to the electrode with more than one “A” moiety; the "A” moieties may be the same or different. Thus,
for example, when the electrode is a gold electrode, and "A” is a sulfur atom or moiety, multiple sulfur
atoms may be used to attach the conductive oligomer to the electrode, such as is generally depicted
below in Structures 11, 12 and 13. As will be apprecnated by those in the art, other such stmctures
can be made. In Structures 11, 12 and 13 the A moiety is jUSt a sulfur atom, but substituted sulfur
moieties may also be used. :

- Structure 11

Xorh -

IS

Sttucture 12

—S

~

—S Xor)

—

24



10

15

20

25

30

35

WO 99/57317 : PCT, /US99I] 0104

 Structure 13 -

It should also be noted that similar to Structure 13, it may be possible to have a a oottductive oligomer
terminating in a single carbon atom with three sulfur moities attached to the electrode. Additiona'lly,
although not always depicted herein, the conductive oligomers and insulators may also compnse aQ’
terminal group.

In a preferred embodiment, the electrode is a gold electrode, and attachment is via a sulfur inkage as- .
is well known in the art, i.e. the A moiety is a sulfur atom or moiety. Although the exact characteristics
of the gold-sulfur attachment are not known, this linkage is considered covalent for the purposes of
this invention. A representative structure is depicted in Structure 14, using the Structure 3 conductive
oligomer, although as for all the structures depicted herein, any of the condpctive oltgomers or
combinations of conductive oligomers, may be used. Similarly, any of the conductive ohgomers or
msulators may also comprise terminal groups as descnbed herein. Structure 14 deplcts the “A" tmker ’
as oompnsmg just a sulfur atom, although additional atoms may be present (i.e. linkers from the sulfur
to the conductive oligomer or substitution groups).

Structure 14

s—ev—_-a—.—o);{v).m'— A

ina preferred embodiment, the electrode isa caibon etectrode ie.a Qlassy carbon etectrode and -
attachment is via a nitrogen of an amme group A representahve structure is deplcted in Structure 15.
Again, addttlonal atoms may be present, ez type finkers and/or terminal groups.

Structure 15
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' Structure.16 . . ..

v;.a_o)“{;):

, ln Structure 16, the oxygen atom i is from the oxide of the metal oxide electrode. The Sr atom may also
' contarn other atoms i.e. be a silicon moiety contarnrng substitution groups. '

ln a preferred embodiment, the electrode comprising the monolayer including conductive oligomers -
further comprises a capture binding ligand. By “capture brndrng ligand” or capture binding species” or

' capture probe herein is meant a compound that is used to probe for the presence of the target .
: "analyte that will bind to the target analyte Generally, the capture binding ligand allows the attachment

ofa target analyteto the electrode, for the pu'rposes of detection. As is more fully outlined below,
attachment of the target arraiyte to the capture probe may be direct (i.e. the target analyte binds to the
capture binding ligand) or indirect (or\e or more capture extender ligands are used). By “covalently '
attached” herein is meant that two moieties are attached by at least one bond, rncludmg sigma bonds, -
pi bonds and coordination bonds. '

Ina preferred embodrment, the bmdrng is specrﬁc, and the binding ligand is part ofa bmdmg pair. By

: specrﬁcally bind” herein is meant that the i igand binds the analyte with specificity sufficientto -

differentiate between the analyte and other components or contaminants of the test sample. However
as will be appreciated by those in the art, it will be possrble to detect analytes using brndmg which is
not highly specific; for example, the systems may use drfferent bmdrng ligands, for example an array of
different ligands, and detection of any particular analyte is via its “signature” of blndrng to a panel of
brndrng ligands, similar to the manner in which “electronic noses” work. This finds partrcular utility in-

the detectron of chemrcal analytes. The binding should be sufficient to remain bound under the
» oondrtrons of the assay, including wash steps to remove non—specrﬁc binding. In some embodiments, -

for example in the detectron of certain bromolecules the brndrng constants of the analyte to the
bindrng figand will be at least about 104-106 M-1, with at least about 105 to 109 M-1 being preferred
and at least about 107 -1 03 M-1 being parhcularly preferred.

As will be appreciated by those in the art,' the ebmposiﬁOn of the binding ligand will depend on'the
composition of the target analyte. Binding lfgands to a wide variety of ar'ralytes are known or r:an be
readily found using known techniques. For example, when the analyte is a single-stranded nucleic
acid, the bmdrng lrgand may be a complementary nucleic acid. Srmrlarly the anatyte may be a nucleic
acid binding protein and the capture blndrng ligand is erther srngle—stranded or double stranded nuclerc
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" acid; altematrvely the-binding ligand may be a nucleic acrd-brndrng protein when the analyte i is a

: .srngle or double-stranded nucleic acid. When the analyte is a protein, the brndrng ligands include -

' _ proteins or small molecules Preferred blndrng Ilgand proteins include peptides. For example when
-the analyte is an enzyme suitable binding ligands include substrates and lnhrbrtors As will be

appreciated by those in the art, any two molecules that will associate may be used, either as an
analyte or as the binding ligand. Suitable analyte/binding ligand pairs include, but are not limited to,
antibodies/antigens, receptorsfligands, proteins/nucleic acid, enzymes/substrates and/or inhibitors,
carbohydrates (including glycoproteins and glycolipids)/ectins, proteins/proteins, proteins/small
molecules; and carbohydrates and their binding partners are also suitable analyte-binding ligand pairs.
These may be wild-type or denvahve sequences Ina preferred embodiment, the bmdmg ligands are
portrons (partrcularly the extracellular portions)-of cell surface receptors that are known to multimerize,
such as the growth hormone receptor glucose transporters (partrcularly GLUT 4 receptor), transferrin

receptor, eprdermal growth factor receptor, low density lipoprotein receptor high densrty lipoprotein

receptor, eprdermal growth factor receptor, leptin receptor, interleukin receptors including iL-1, lL-2
IL-3, IL4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, IL-12, IL-13, IL-15, and IL-17 receptors, human growth
hormone receptor VEGF receptor, PDGF receptor, EPO receptor TPO receptor, ciliary neurotrophxc
factor receptor prolactm receptor, and T-cell receptors. .

- The method of attachment of the capture brndrng Irgand to the attachment linker wrll generaily be done

as is known in the art, and will depend on the composition of the attachment lrnker and the capture .
brndrng ligand. In general, the capture brndrng lrgands are attached to the attachment linker through
the use of functional groups on each that can then be used for attachment. Preferred functional
groups for attachment are amino grcups carboxy groups, oxo groups and thiol groups. These ,
functional groups can then be attached, either directly or through the use of a linker, sometimes
deprcted herein as °Z". Linkers are known in the art; for example, homo-or hetero-bifunctional linkers -
as are well known (see 1994 Pierce Chemrwl Company catalog, technrcal section on cross-lrnkers
pages 155-200, rncorporated herein by reference) Preferred Z linkers include, but are ot limited to,

- alkyl groups (rncludmg substituted alkyl groups and alkyl groups contarmng heteroatorn moletres) wrth

short alkyl groups esters, amide, amrne ‘epoxy groups and ethylene glycol and derrvatrves berng
preferred Z may also be a sulfone. group. formrng sulfonamide.

In this way. capture binding ligands comprising_ proteins, lectins, nucleic acids, small organic
molecules, carbohydrates, etc. can be added.

_ Ina prefened embodiment, the capture t:lnding ligand is attached directly to ‘the electrode as outlined -

herein, for example via an attachment linker. Altematrvely the capture binding figand may utilize a
capture extender component such as depicted in Figure 2C. In this embodiment, the capture brndrng
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ligand comprises a first portion that will bind the target analyte and a second portnon that can be used
for attachment to the surface. Figure 2C deplcts the useof a nuc!exc acid component for binding to the
surface although this can be other blndlng partners as well.

A preferred embodiment utilizes proteinaceous capture bmdmg Ilgands As is known in the art, any

number of techniques may be used to attach a proteinaceous capture binding ligand. “Protein” in this
context includes proteins, polypeptldes and peptides. A wide variety of techmques are known to add
moieties to proteins. One preferred method is outlined in U.S. Patent No. 5,620,850, hereby '
incorporated by reference in its entirety. The attachment of proteins to electrodes is known; see also
Heller, Acc. Chem. Res. 23:128 (1990), and related work. -

A preferred embodiment utilizes nucleic acids as the capture binding ligand, for example for when the
target analyte is a nucleic acid or a nucleic acid binding protein, or when the nuclelc acid serves asan

- aptamer for blndlng a protein; see U.S. Patents 5,270,163, 5,475, 096 5,567, 588 5 595, 877
i 5,637, 459, 5,683,867,5,705,337, and related patents hereby mcorporated by reference. In this

embodiment, the nucleic acid capture binding ligand is covalently attached to the electrode, via an
attachment linker”, that can be either a conductive ohgomer or via an insulator. Thus one end of the
attachment linker is attached to a nucleic acid, and the other end (although as will be appreclated by
those in the art, it need not be the exact terminus for either) is attached to the electrode. Thus, any of
structures 1-16 may further comprise a nucleic acid effectively as a terminal group. Thus, the present
invention provrdes compositions comprising blndlng ligands covalently attached to electrodes as ls
generally deplcted below i in Structure 17 for a nucleic acid:

Structure 17

Fy=—(X or ) ——F y —nuxcieic acid

In Structure 17, the hatched marks on the left represent an electrode Xi ts a conduc’nve ohgomer and!

~Isan msulator as defined herein. F,isa I nkage that allows the covalent attachment of the electrode

and the conductive olrgomer or insulator, mcludlng bonds atoms or llnkers such as is described
herein, for example as "A”", defined below F. is a linkage that allows the covalent attachment of the
conductive oligomer or insulator to the binding lrgand a nuclelc acid in Structure 17, and may be a
bond anatomora linkage as is herem described. F, may be part of the conductrve oligomer, part of
the insulator, part of the binding ligand, or exogeneous to both, for example. as defined herein for°z". .
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in general, the methods; s'ynthetic'schemes and‘oomp'osittons useful for theattachment of capture
binding ligands, particularly nucleic acids, are outlined in WO98/20162, PCT US98/ 2430, PCT
US98/12082; PCT U899/01 705 and PCT US99/01703, all of which are expressly mcorporated herein
by reference in their entirety. '

‘Ina preferred embodiment, the capture binding ligand is covalently attached to the electrode viaa .
'oonductrve oligomer. The covalent attachment of the bmdmg ligand and the conductive olrgomer may
) be accomplrshed in several ways, as wnll be apprecuated by those in the art

In a preferred embodiment, the capture binding ligand is a nucléic acid, and the attachment is via

attachment to the base of the nucleoside, via attachment to the backbone of the nucleic acid (either
“the ribose, the phosphate, or to an analogous group of a nucleic acid analog backbone), or via a

transition metal ligand, as described below. The techniques outlined below are generally described for
naturally occuring nucleic acids, although as will be appreciated by those in the art, similar techniques

‘may be used with nucleic acid analogs.

In a preferred embodiment, the conductive oligomer is attached to the base of a nucleoside of the
nucleic acid. Thrs may be done in several ways, dependmg on the oligomer; as is descnbed below. In
one embodiment, the oligomer is attached to a terminal nucleosnde i.e. either the For 5’ nucleoside of
the nucleic acid.’ Alternatively, the conductrve oligomer is attached toan rntemal nucleoside. . -

The point of attachment to the base will vary wrth the base. Generally attachment at any pasitionis -
~ possible. ln some embodnments for example when the. probe wntamlng the ETMs may be used for

hybndrzatlon itis preferred to attach at positions not involved in hydrogen bonding to the

.wmplementary base. Thus, for example, generally attachment is to the 50r6 posmon of pynmrdlnes

such as uridine, cytosine and thymme For punnes such as adenine and guamne the hnkage is -

, preferably viathe 8 posmon Attachment to non-standard bases is preferably done atthe oomparable .

posrttons

: In one embodiment, the attachment is direct; thatls, there are no in_tervening atoms between the -

conductive oligomer and the base. In this embodiment, for example, conductive oligomers vhth
terminal acetylene bonds are attached directly to the base. - Structure 18 is an example of this linkage,
usrng a Structure 3 conductrve oligomer and uridine as the base although other bases and conductrve'
oligomers can be used as will be apprectated by those in the art: : '

29



10

15

20.

25

30

35

WO 99/57317 . . PCT/US99/10104

Structure 18

oy

It should be noted that the pentose structUres depicted herein may have hydrogert hydroky,
phosphates or other groups such as amino groups attached. In addition, the pentose and nucleosude
structures depicted herem are depicted non-conventlonally ‘as mirror lmages of the normal rendenng

~n addntron the pentose and nucleoside structures may also contain addltional groups such as

protectmg groups atany posutlon for example as needed dunng synthesrs

ln addmon the base may contain additional modifications as needed, i.e. the carbonyl or amine groups

may be altered or protected.

In an alternative embodiment; the attachment is ahy number of different Z linkers, ihctudmg amide and

amine lmkages as is generally depicted in Structure 19 usrng uridine as the base and a Structure 3

oligomer: o ‘ ' ' :
Structure 1 9:

: : —%Y—;a4—o)l:€v)n:—

. NHz

N In thts embodlment Zisali nker Preferabty, Zisa short linker of about 1to about 10 atoms thh from A

1 to 5 atoms being preferred that may or may not contain alkene, alkynyl amlne armde azo, imine,

" efc., bonds Linkers are known in the art; for example, homo-or hetero-bifunctional Imkers asare wett o

known (see 1994 Pierce Chemical Company catalog, techmcal section on cross—l’nkers pages
155-200, incorporated herein by reference). Preferred Z linkers molude. but are hot limited to, atkyt
groups (including substituted atkyl groups and alkyl groups oon_m'tning heteroatom moieties), with ‘short
alkyl groups esters, amide amine, epoxy groups and ethylene glycol and derivatives being preferred,'
with propyl, acetylene, and C, alkene being especially preferred. Z may also be a sulfone group,
forming sulfonamide linkages: as discussed below.
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ina preferred ernbodiment, the attachment of the nucleic acid and the conductive oligomer is done vra

attachment to the backbone of the nucleic acid. This may be done in a number of ways, including

attachment to a ribose of the nbose-phosphate backbone or to the phosphate of the backbone, or
other groups of analogous backbones

As a prelrmrnary matter, it should be understood that the site of attachment in this embodiment may be
to a 3 or 5' terminal nucleotrde ortoan rnternal nucleotide, as is more fully descnbed below.

In a preferred embodrment the conductrve oligomer is attached to the ribose of the nbose-phosphate

- backbone. This may be done in several ways. Asis known in the art, nucleosrdes that are modified at

erther the 2’ or 3’ position of the ribose with amino groups sulfur groups, silicone groups, phosphorus
groups, or oxo groups can be made (Imazawa et al., J. Org. Chem., 44:2039 (1979); Hobbs et al., J.
Org. Chem. 42(4):714 (1977); Verheyden et al., J. Orrg. Chem. 36(2):250 (1971); McGeeetal., J.-
Org. Chem. 61:781-785 (1996); Mikhailopulo et al., Liebigs. Ann. Chem. 513-519 (1993); McGee et al.,
Nucleosides & Nucleotides 14(6):1329 (1995), all of which are incorporated by reference): These
modified nucleosrdes are then used to add the conductive oligomers.

A preferred embodrment utilizes amrno—modrﬁed nucleosrdes These amino-modified riboses can then
be used to form either amlde or amine lrnkages to the conductrve ollgomers ina prefemed
embodiment, the amino group is attached drrectly to the ribose, although as will be apprecrated by

those in the art, short linkers such.as those described herein for *Z° may be present between the

amino group. and the nbose

_' ln a preferred embodrment an amide lrnkage is used for attachment to the ribose. Preferably rf the
.conductive oligomer of Structures 1-3 is used, m is zero and thus the conductive ollgomer termrnates

in the amide bond. In this embodrment. the nitrogen of the amino group of the amrno—modrﬁed nbose'

. is the "D" atom of the oonductrve olrgomer Thus, a preferred attachment of this embodrment |s _

depicted in Structure 20 (using the Structure 3 conductive olrgomer).
Structure 20

e LT

N— .
) bas

As will be apprecrated by those in the art, Structure 20 has the tem1lnal bond ﬁxed asan amrde bond.

Ina preferred embodiment, a heteroatom lrnkage is used, i.e. oxo, amine, sulfur etc. A preferred
embodiment utilizes an armne linkage. Again, as outl' ned above for the amrde lrnkages for amine .
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linkages, the mtrogen of the amino-modified ribose may be the-*D” atom of the conductlve ot’gomer
when the Structure 3 conductive oligomer is used.. Thus, for example, Structures 21 and 22 depict
nuc!eosndes with the Structures 3 and 9 conductive ohgomers respectively, using the mtrogen as the
heteroatom athough other heteroatoms can be used:

" Structure 21

Y_s_g_( )."{z)\

In Structure 21, preferably both T m and t are not zero. A preferred Z here ts a methylene group, o
other ahphatxc alkyl linkers. One two or three carbons in this position are partlcularty useful for
synthettc reasons.

bas

«L'\% zxﬁ

In Structure 22, Z is as defined ébdve. Suitable inkers include methyleneend ethylene.

Inan attematxve embodlment. the conductxve oligomer is covalentty attached to the nucleic acid via the

phosphate of the nbose-phosphate backbone (or analog). of a nucleic acid. -In this embodiment, the

attachment is direct, utilizes a linker or via an amide bond. Structure 23 depicts a direct linkage, and -

* Structure 24 depicts linkage via an amide bond (both utilize the Structure 3 conductive oligomer, -

although Structure 8 conductive oligomers are also posstble) Structures 23 and 24 depict the

. conducnve ohgomer in the 3 position, although the 5" posmon is also possible. Furthermore, both »

' ) Structures 23 and 24 deplct naturally occumng phosphodlester bonds, although as those in the art will

apprecuate non-standard anatogs of phosphodnester bonds may also be used. '

Structure 23

base

In Stmcture 23, if the terminal Y is present (i. e. m=1 h then preferabty Zis not present (i.e. t-O) If the
terminal Y i is not present. then Z is pneferably present. ’
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Structure 24 depicts a preferred embodlment wherem the terminal B-D bond isan amnde bond the .

terminal Y is not present, and Zis a linker, as defined herein.

Structure 24

.o

In a preferred ernbbdiment. the conductive oligomer is covalently attached to the nucleic acid via a

transition metal ligand.' In this embodiment, the conductive oligomer is covalently attached to a ligand

which pro\)ides one or more of the coordination atoms for a transition metal. In one embodiment, the
ligand to which the conductive oligomer i is attached also has the nucleic acid attached, as is generally
depicted below in Structure 25 Altematively, the conductive oligomer is attached to one ligand, and

- the nucleic acid is attached to another ligand, asis generally depicted below in Structure 26. Thus, in

the presence of the transition metal, the conductive oligomer is covalently attached to the nucleic acid.
Both of these structures deplct Structure 3 conductive oligomers, although other olrgomers may be
utrlrzed Stmctures 25 and 26 depict two representatrve structures for nucleic acids; as will be
appreciated by those in the art, ifis possible to connect other types of capture binding ligands, for

_ example proteinaceous binding ligands, in a similar manner.

Structure 25
nucieic acid
Y—B—D)—(— ->—< >—— o
L
Structure 26
nuclelcacid -

%v—a—% W

i ol ullg

In the structures 'denicted herein, M is a metal atom, with transition metals being preferred. Suitable
transition metals for use in the invention include, but are not limited to, cadmium (Cd) copper (Cu),
cobait (Co) palladium (Pd) zinc (Zn) iron (Fe) ruthemum (Ru), rhodlum (Rh), osmlum (Os) rhenlum-
(Re), platinium (Pt), sczndlum (Sc), titanium (T) Vanadrum M, chromrum {Cr), manganese (Mn)
nickel (Ni), Molybdenum (Mo), technetium (Tc), tungsten (W) and iridium (Ir). That is, the first series -
of transition metals, the platinum metals (Ru, Rh, Pd, Os, Ir and Pt), along with Fe, Re, W, Mo and T¢
are preferred. Parﬁcularty preferred are ruthenium, rhenium, osmium, platinium, cobatt and iron.
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L are the co-figands, that provide the coérdinatlbn atoms for the binding of the metal ion. As will be :
appreciated by those in the art the number and nature of the co-ligands will depend on the
coordination number of the metal ion. Mono-, di- or polydentate co-ligands may be used at any
position. Thus, for example, when the metal has a coordination number of six, the L from the terminus

-of the conductrve oligomer, the L contributed from the nucleic acid, and r, add up to six. Thus, when

the melal hasa coordrnatlon number of six, r may range from zero (when all coordination atoms are
provrded by the other two ligands) to four, when all the co-ligands are monodentate. Thus generally,

" will be from 0 to 8, depending on the coordmatron number of the metal ion and the choice of the other

lrgands

inone embodrment, the metal ion has a coordrnatron number of six and both the ligand attached to the
conductive oligomer and the ligand attached to the nucleic acid are at least bidentate; that s, r is
preferably zero, one (i.e. the remalnmg co-ligand is bidentate) or two {two monodentate co-ligands are _
used)

As wrll be apprecrated in the art, the co-ligands can be the same or different. Suitable ligands fall into
two categones lrgands which use nrtrogen oxygen; sulfur, carbon or phosphorus atoms (dependmg
on the metal ion) as the coordination atoms (generally referred to in the literature as srgma (o) donors)
and organometallic Ilgands such as metallocene ligands (generally referred to in the llteralure as pi (m)
donors, and depicted herein as Ln). Suitable nitrogen donating ligands are well known in the art and
include, but are not limited to NH,; NHR; NRR’; pyridine; pyrazine; isonicotinamide; imidazole;

-bipyriding and substituted denvatrves of bipyridine; terpyndme and substituted derrvatlves
. phenanthrolrnes partlcularly 1 10-phenanthrol|ne (abbreviated phen) and substrtuted derrvatrves of

phenanthrolrnes such as 4 7-drmethylphenanthrolme and drpyndol[3 2-3:2' 3'-c]phenazme (abbreviated '
dppz); drpyndophenazme 14,58, 9 12-hexaazalnphenylene (abbreviated hat); 8,10-

_ phenanthrenequinone diimine (abbreviated phi); 1,4, 5 ,8-tetraazaphenanthrene (abbrevrated tap)

14,8, 11-tetra-azacyclotetradecane (abbrevrated cyclam), EDTA, EGTA and rsocyamde Subshtuted
derivatives, including fused denvatrves may also be used. In some embodiments, porphynns and
substrtuted derivatives of the porphyrin family may be used. See for example, Comprehensive
Coordination Chemistry, Ed. Wilkinson et al., Pergammon Press 1987 Chapters 13.2 (pp73-98), 21.1
(pp. 813-898) and 213 (pp 915-957). all of which are hereby expressly’ inoorporated by referenoe

'Surtable srgma donabng lrgands using mrbon oxygen sulfur and phosphoms are known in the art.

For example, suitable sigma carbon donors are found in Cotton and Wilkenson, Advanced Organic '

: Chemlstry, 5th Edition, John Wiley & Sons, 1988, hereby incorporated by reference; see page 38, for -

example. Similarly, suitable oxygen ligands include crown ethers, water and others known in the art.
Phosphmes and substituted phosphines are also suitable; see page 38 of Cotton and Wilkenson. '
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The oxygen, sulfur, phosphorus and mtrogen—donatlng hgands are attached in such a manner as to
allow the heteroatoms to serve as coordination atoms.

Ina preferred embodiment, organometallic figands are used. In addition to purely organic compounds
for use as redox moieties, and various transition metal coordination complexes with &-bonded organic
ligand with 'donor atoms as heterocyclic or exocyclic substituents, there is available a wide variety of

- transition metal organometallic compounds with n-bonded organic ligands (see Advanced Inorganic

Chemistry, Sth Ed., Cotton & Wilkinson, John Wiley & Sons,: 1988, chapter 26; Organometallics, A
Concise Introduction, Elschenbroich et al., 2nd Ed., 1992, VCH; and Comprehensive Orga_nometallic
Chemistry II, A Review of the Literature 1982-1994, Abel et al. Ed., Vol. 7, chapters 7, 8, 10 & 11,

Pergamon Press, hereby expressly inoorporated by reference)..' Such organometallic ligands include
"~ cyclic aromatic compounds such as the cyclopentadienide ion [CsHs(-1)] and various ring substituted

and ring fused derivatives, such as the'indenylide (-1) ion, that yield a class of bis(cyclopentadieyl)

~metal compounds, (i.e. the metallocen_es); see for example Robins et al., J. Am. Chem. Soc.
- 104:1882-1893 (1982); and Gassman et al., J. Am. Chem. Soc. 108:4228-4229 (1986),

incorporated by reference. Of these, ferrocene [(CsH;),Fe] and its derivatives are prototypical
examples whlch have been used ina wide vanety of chemical (Connelly et al., Chem. Rev 96:877-
910 (1996), moorporated by reference) and electrochemical (Geiger et al Advances m Organometalllc
Chemistry 23:1-93; and Gelger et al., Advances in Organometallic Chemlstry 24:87, incorporated by
reference) electron transfer or “redox” reactions. Metallocene derivatives of a variety of the first,
second and third row transition metals are potent_ial candidates as redox moieties that are covalently
attached to,either the ribose ring or the nucleoside base of nucleic acid. Other potentially suitable
organometaliic ligands include cyclic arenes such as benzene to yield bis(afene)metal compounds
and their ring substituted and nng fused derivatives, of whlch bns(benzene)chromuum is a prototypical
example, Other acyclic n-bonded ligands such as the allyl( 1) ion, or butadiene yleld potentlally
suitable organometalhc compounds, and all such ligands, in oonjuctlon with other n-bonded and -
bonded llgands oonstxtute the general class of organometalhc compounds in which there is a metal to
carbon bond. Electrochemxeal studies of various dimers and oligomers of such compounds wnth

o bridging orgamc ligands, and addmonal non-bndgmg ligands, as well as with and without metal-metal

bonds are potential candidate redox moieties in nucleic acid analysis.

When one or more of the oo-lxgands isan organometalhc ngand the rgand is generally attached via'

one of the earbon atoms of the organometallic ligand, although attachment may be via other atoms for
heterocyclic hgands Preferred organometallic ligands include metallocene ligands, including
substituted derivatives and the metallooeneophanes (see page'1174 of Cotton and Wilkenson, supra):
For example, derivatives of metallocene ligands such as methylcyclopentadienyl, with multiple methyl
groups being preferred.'such as pentamethyicyclopentadienyl, can be used to increase the stability of -
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- the metallocene m a preferred embodlment, only one of the two metallocene hgands of a metaliocene
are denvahzed ’ ' ’

- As deecribed,herein, any combination of ligands may be used. Preferred combinations include: a) all

ligands are nitrogen donating ligands; b) all ligands are organometallic ligands; and c) the ligand at the
terminus of the conductrve oligomer is a metallocene hgand and the ligand provided by the nucleic acid

" -is a nitrogen donating llgand with the other hgands if needed, are either nitrogen donatmg ligands or

metallocene ligands, or a mixture. These combmatlons are depicted in representative structures using
the conductive ollgomer of Structure 3 are depicted in Structures 27 (using phenanthroline and amino
as representative llgands). 28 (usnng ferrocene as the metal-ligand combination) and 29 (using
cyclopentadnenyl and amino as representative ligands). :

Structure 27
00O
; ";J/\Z,. :
—ev—a—%ﬂ *‘
L ‘. e
i

v—e-%wg

Ina preferred embodvment. the hgands used in the invention show altered fluoroscent propertzes
depending on the redox state of the chelated metal ion. As described below, this thus serves as’ an
additional mode of detechon of electron transfer: between the ET™M and the electrode.

Ina preferred embodiment. s s described more fully beiow; the ligand attached to the nucleic acid is

an amino group attached to the 2' or 3' position of a ribose of the ribose-phosphate backbone. This

ligand may contain a multiplicity of amino groups so as to form a polydentate ligand which binds the
metal ion. Other preferred ligands include cyclopentadrene and phenanthrorne
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The use of metal ions to connect the binding ligands such as nucleic acids can serve as an internal
control or calibration of the system, to evaluate the number of available binding ligands on the surface.

_ However, as will be appreciated by those in the art, if metal ions are used to connect the binding

Iioands such as nucleic acids to t_he‘conductive oligomers, it is generally desirable to have this metal
ion complex have a different redox potential than that of the ETMs used in the rest of the system, as
described below. This is generally true so as to be able to distinguish the presence of the capture-

o probe from the presence of the target anatyte This may be useful for rdentuﬁcatron calibration and/or

quantrf ication. Thus, the amount of capture probe on an electrode may be compared to the amount of
target analyte to quantify the amount of target sequence in a sample. This is quite srgnrﬁcant to serve
as an internal control of the sensor or system. ‘This allows a measurement either prior to the addition
of target or after, on the same molecules that will be used for detection, rather than rely on a similar
but different control system. Thus, the actual molecules that will be used for the detection can be

' ouantiﬁed prior to any experirnent. This is a significant advantage over prior methods.

Ina -preferred embaodiment, the @pture binding ligands 'are Acovalently attached to the electrode via an
insulator. The attachment of a variety of binding ligands such as proteins and nucleic acids to
insulators such as alkyl groups is well knowh. and can be done to the nucleic acid bases or the
backbone, including the ribose or phosphate for backbones containing these moieties, or to alternate
backbones for nucleic acid anal_ogs, or to the side chains or backbone of the amino acids. .

ln a preferred embodrment there may be one or more drfferent capture brndmg Irgand specues
(sometrmes referred to herein as "anchor lrgands" *anchor probes or “capture probes” with the

. phrase probe' generalty refernng to nucleic acid specres) on the surface as is generally depicted in -

the Figures. In some embodiments, there may be one type of capture binding ligand, or cne type of
capture brndrng lrgand extender, as is more fully descnbed below. Alternatively, different capture’
brndmg rgands or one capture bmdlng ligand with a multrplrcrty of different capture extender bmdmg
Irgands can be used. Srmxlarty. when nuclerc acad systems are used it may be desrrable to use

) auxﬂlary capture probes that oompnse relatively short probe sequences, that wn be used to “tack

down” components of the system, for example the recrurtment linkers, to i mcrease the ooncentratxon of
ETMs at the surface

Thus the present invention provides electrodes comprising monolayers comprising conductive
oligomers and capture binding figands, useful in target analyte detection systems.

In a prefered embodiment, the compositions further comprise a solution binding ligand. Solution
binding ligands are similar to capture binding ligands, in that they bind to target analytes.' The solution
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bmdlng ligand may be the same or different from the capture bmdmg llgand Generally the solution

. binding ligands are not dlrectly attached to the surface, although as depicted in Figure 5A they may be.

The solution binding ligand either directly comprises a recru;tment flinker that comprises at least one

- ETM, or the recruitment linker is part of a label probe that will bind to the solution binding Ilgand

Thus, “recruitment hnkers or “signal carriers” with covalently attached ETMs are provvded The terms

"electron donor moiety”, "electron acceptor moiety”, and "ETMs” (ETMs) or grammatical equivalents
herein refers to molecules capable of electron transfer under certain conditions. It is to be understood
that electron donor and acceptor capabilities are relative; that is, a molecule which can lose an
electron under certain experimental condmons will be able to accept an electron under different
expenmental conditions. Itis to be understood that the number of possible electron donor monetles
and electron aoceptor moieties is very large, and that one skllled in the art of electron transfer
compounds will be able to utilize a number of compounds in the present invention. Preferred ETMs -
include, but are not limited to, transition metal complexes, organic ETMs, and electrodes.

In a preferred embodiment, the ETMs are transition metal complexes.’ Transition metals are those
whose atoms have a partial or complete d shell of electrons. Sultable transmon metals for use in the
lnvenhon are listed above. ' ’

The transntnon metals are complexed with a vanety of hgands L, deﬁned above, to form smtable
transition metal complexes, as is well known in the art.

In addition to transition metal complexes, other organic electron donors and acceptors may be
covalently attached to the nucleic acid for use in the mventnon These orgamc molecules mclude but"
are not limited to, riboflavin, xanthene dyes, azine dyes, acridine orange, N, N—dlmethyl-Z 7-
diazapyrenium dichloride (DAP?"), methylviologen, ethidium bromide, qumones suchasN, N .
dimethylanthra(2,1,9-def6,5; 10-d’e'f’)dilsoqumolme dlchlonde (ADIQ”) porphyrins ([r'meso-tetrakls(N-h‘
methyl-x-pyndxmum)porphynn tetrachlonde] varlamine blue B hydrochlonde Bindschedler's ¢ green;
2,6-dichloroindophenol; 2 6—d|bromophenolmdophenol Bnlllant crest blue (3—ammo-9-d:methyl—ammo- '

. 10-methylphenoxyazme chloride), methylene blue; Nile blue A (amlnoaphthodlethylaminophenoxazme

sulfate), indigo-5,5',7, 7"-tetrasulfonic acid, indigo-5,5', 7-trisulfonic acid; phenosaframne mdlgo-5~

-monosulfonic acid; safranlne T, bls(dlmethylglyommato)-lron(ll) chioride; mdulme scarlet, neutral red,

anthracene, coronene, pyrene, 9-phenylanthracene, rubrene, bxnaphthyl DPA, phenothtazene

,ﬂuoranthene phenanthrene, chrysene, 1 8-d|phenyl-1 35 7-octatetraoene naphthalene.

acenaphthalene, perylene, TMPD and analogs and subsitituted derivatives of these compounds. -
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ln one embodlment, the electron’ donors and acceptors are redox protelns as are known in the art.
However. redox proteins in many embodiments are not preferred.. '

“The choice of the specific ETMs will be influenced by the type of electron transfer detection used, as is
* generally outlined below. Preferred ETMs are metallocenes, with ferrocene being particularly ‘

preferred.

Ina preferred embodiment, a plurality of ETMs are used. As is shown in the examples, the use of

multiple ETMs provides signal amplification and thus aliows more sensitive detection limits.
Accordingly, pluralities of ETMs are preferred, with at least about 2 ETMs per recruitment linker being
preferred, and at least about 10 being particularly preferred, and at least about 20 to 50 being

- especially preferred. In some instances, very large numbers of ETMs (100 to 1000) can be used.

As will be appreciated by those ln the art, the portion of the label probe (or target, in some - -
embodiments) that comprlses the ETMs (termed herein a “recruitment linker” or *signal carrier;’) can.
be nucleic acid, or it can be a non-nucleic acid linker that links the solution binding ligand to the ETMs.
Thus, as will be apprecrated by those i in the art, there are a vanety of conﬁguratlons lhat can be used,
In a preferred embodiment, the recruitment linker is nuclerc acid (lncludmg analogs), and attachment of
the ETMs can be via (1) a base; (2) the backbone, lncludrng the ribose, the phosphate, or comparable
stmctures in nucleic acid analogs; (3) nucleoside replaoement, described below; or (4) metallocene
polymers, as descnbed below ina preferred embodlment. the recruitment linker is non-nuclelc acid,
and can be either a metallocene polymer or an alkyl—type polymer (including heteroalkyl as is more
fully described below) containing ETM substitution groups. These options are generally depxcted in

'Flgure 44,

In a preferred embodiment, the recruitment linker is a nucleic acid, and comprises covalently attached
ETMs. The ETMs may be attached to nucleosides within the nucleic acid in a Variety of positions.
Preferred embodiments include, but are not fimited to, (1) attachment to the base of the nucleoside, {2)
attachment of the ETMas a base replaoement, 3) atlachment to the backpone of the nucleic acid,

-including eitherto a nbose of the nbose-phosphate backbone orto a phosphate morety or to

analogous structures in nucleic acid analogs and (4) attachment vra metallocene polymers wrth the
latter bemg preferred : '

In addition, asis described below, when the recruitment linker is nueleic-aoid, ltmay be desirable to -
_ use secondary label probes, that have a first portion that will hybridize to a portion of the primary label.

probes and a second portion oompn'sing a recruitment linker as is defined herein. This is generally
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depicted in Figure 39Q and 39R this is similar to the use of an amplifier probe, except that both the
primary and the secondary label probes comprise ETMs.

. In a preferred embodtment the ETM is attached to the base of a nucleoside as is generatly outiined

above for attachment of the conductive ohgomer Attachment can be to an internal nucleosrde ora
termrnal nucleosrde

The covalent attachment to the base will depend in part on the ETM chosen, but in general is S|m|tar to
the attachment of conductlve oligomers to bases, as outlined above. Attachment may generally be

. done to any position of the base. Ina preferred embodiment, the ETM is a transition metal complex,

and thus attachment of a suitable metal ligand to the base leads to the covalent attachment of the
ETM.. Alternatrvety, similar types of linkages may be used for the attachment of organrc ETMs as will

be apprecrated by those in the art.

In one embodlment the C4 attached amino group of cytosine, the C6 attached amino group of

" “adenine, or the CZ attached amino group of guanine may be used asa transmon metal ligand.

Ligands containing aromatic groups can be attached via acetylene Iinkages as is known in the art {see
Comprehensive Organic Synthesis, Trost et al., Ed., Pergamon Press, Chapter 2.4: Coupling )
Reactions Between sp? and sp Carbon Centers, Sonogashira, pp521 -549, and pp950-953, hereby
incorporated by reference). Structure 30 depicts a representatlve structure in the presence of the
metal ion and any other necessary ligands; Structure 30 depicts uridine, although as for all the
structures herern any other base may also be used. :

’ Structure 30

L, is'a ligand, whrch may mclude nrtrogen oxygen, sulfur or phosphorus donatrng hgands or
organometallic ligands such as metallocene li gands Surtable L, ligands include, but not limited to,
phenanthrolme imidazole, bpy and terpy. L, and Mare as detined above. Again, it will be apprecrated

by those in the art, alinker ("Z7) may be mcluded between the nucleostde and the ETM.
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Similarly, as for the conductive oligomers, the linkage may be done using a linker, which may utilize an

amide linkage (see generally Telser et al., J. Am. Chem. Soc. 111:7221-7226 (1989); Telser etal, J.
Am. Chem. Soc. 111:7226-7232 (1989), both of which are expressly incorporated by reference).
These structures are generally depicted below in Structure 31, which again uses uridine as the base,
although as above, the other bases may also be used:

' ~ Structure 31 A

HN ] ~

'ln thrs embodlment Lisa Ilgand as deﬁned above, with L, and M as defined above as well.

Preferably L is amino, phen, byp and terpy.

Ina preferred embodlment the ETM attached toa nucleosrde is a metallocene; i. e. the L and L, of
Structure 31 are both metallocene ligands, L, as described above. Structure 32 deprcts a preferred

- embodiment wherein the metallocene is ferrocene, and the base is uridine, although other bases may

he used:

Structure >32

Prerminary data suggest that Structure 32 may cyclize with the second'acetylene carbon atom -
attacking the carbonyl oxygen forming a furan-lrke structure Prefeired metallocenes include ) '
ferrocene, cobaltooene and osmlumooene

in a preferred embodrment. the ETM is attached to a n'bose at any posrtlon of the nbose-phosphate

backbone of the nucleic acid, i.e. erther the 5 or 3' terminus or any intemal nucleoside. Ribose in this
case can include nbose analogs. Asis known in the art, nucleosides that are modified at either the 2'.
or 3' position of the ribose can be made, with nitrogen, oxygen, sulfur and phosphorus-eontarmng

modifications possible. Amino-modified and oxygen-modified ribose is preferred. See generally PCT
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publication WO 95/1 5971, incorporated herein by reference. _These modification groups may be used
as a transition metal ligand, or as a chemically functronal molety for attachment of other transition ..
metal ligands ; and organometallic ligands, or orgamc electnon donor moieties as will be apprecrated by
those in the art. In this embodiment, a linker such as depicted herein for “Z* may be used as well, ora
conductive ollgomer between the ribose and the ETM. Preferred embodiments utilize attachment at
the 2ord posmon of the ribose, with the 2' position being preferred Thus for example the - ,
conductwe ollgomers deplcted in Structure 13, 14°'and 15 may be replaced by ETMs; altematrvely the -
ETMs may be added to the free termmus of the conductrve ohgomer :

ln a preferred embodlment, a metallocene serves as the ETM, and is attached via an amide bond as

' deprcted below in Structure 33. The examples outline the synthesrs ofa preferred compound when

the metallocene is ferrocene _
~ Structure 33

base.

Ina preferred embodrment, amme lmkages are used asis generally deplcted in Structure 34.

Structure 34
BASE .

y

ET™™

Z is a linker, as deﬁned herem with 1 16 atoms bemg preferred and 2-4 atoms bemg partrcularly
preferred andti is either one OrF zero. : '

Ina preferred embodiment, oxo linkages are used, as is generally depicted in Structure 35. -
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CStuctiress T T -

o]
|
‘Zm .
In Structure 35, Zis a linker as defined herein, and t is either one or zero. Preferred Z linkers int:lude
alkyl groups including heteroalky! groups such as (CH,)n and (CH,CH,0)n, with n from 1 to 10 bemg

preferred and n = 1 to 4 being especially preferred and n=4 being partlcularly preferred.

Linkages utiliiihg other heteroatoms are also possible.

_ In a preferred embodiment, an ETMis attached to a phosphate atany posmon of the nbose-phosphate

backbone of the nucleic acid. This may be done in a variety of ways. Inone embodrment
phosphodiester bond analogs such as phosphoramxde or phosphoramidite linkages may be

"incorporated into a nucleic acid, where the heteroatom (i.e. mtrogen) serves as a transition metal -

Irgand (see PCT publication WO 95/15971, incorporated by reference). Altematlvely the conductive
oligomers depicted in Structures 23 and 24 may be replaced by ETMs. In a preferred embodtment.
the composition has the stmcture shown in Structure 36.

Structure 36

BASE
o]

o

0 ==p ——0— (D —ET™

In Structure 361 the ETM is atimhed viaa phosphate linkage, generally through the useofa rnker Z
Preferred Z linkers include alkyl groups including heteroalkyl groups suchas (CHZ),,, (CH,CH,0),, with

n from 1to 10 belng preferred andn=1to 4 being especrally preferred and n=4 being partrcularly

preferred

When the ETM i IS attached to the base or the backbone. of the nucleosrde it rs possble to attach the -
ETMs via "dendrimer” structures, as is more fully out!med below. Asis generally depicted in Frgure
37, alkyl-based linkers can be used to create multiple branching structures comprising one or more
ETMs at the terminus of each branch. Generally, this is done by creating branch points containing
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multxple hydroxy groups, whlch optionally can then be used to add additional branch points. The
terminal hydroxy groups can then be used in phosphoramldrte reactions to add ETMs, as is generally

. done below for the nucleoside replacement and metallocene potymer reactions.

In‘a preferred embodlment an ETM such as a metallocene is used as a nucleosude replacement"

_servmg as an ETM. For example, the distance between the two cyclopentadiene rings of ferrocene is
- srmxlar to the orthongonal distance between two bases in a double stranded nucleic acid. Other

metallocenes in addition to ferrocene may be used, for example, air stable metallocenes such as those
containing cobalt or ruthenium. Thus, metallocene moieties may be incorporated into the backbone of

- @ nucleic acid, as is generally depicted in Structure 37 (nucleic acid with a ribose-phosphate

backbone) and Structure 38 (peptide nucleic acid backbone). Structures 37 and 38 depict ferrooene,
although as will be appreciated by those in the art, other metailocenes may be used as well. In
general, air stable metallocenes are preferred, including metallocenes utilizing ruthenium and cobalt as
the metal.

 Structure 37
BASE
. ‘I) : ,
O—T=° :
o—-—-z—@
O
o——r|>=o
o _
\cw BASE

In Structure 37 Zis a linker as. deﬁned above wuth generally short. alkyl groups rncludmg ,
heteroatoms such as oxygen bemg preferred.  Generally, what is important is the length of the lmker
such that mnmmal perturbations of a double stranded nucleic acid is effected, as is more fully
dmbed below. Thus, methylene ethylene, ethylene glycols, propylene and butylene’ are all

preferred wrth ethylene and ethylene glycol being particularly preferred. In addition, each Z linker may _

be the same or different. Structure 37 depicts a ribose-phosphate backbone: although as will be
appreciated by those in the art, nucleic acid analogs may also be used: mdudlng ribose analogs and
phosphate bond analogs. -
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Stricture 38

HN

%

In Structure 38, preferred Z groups are as listed above, and again, each Z linker can be the same or
- different. As above, other nucleic acid analogs may be used as well.

In addiiion, aithougb the structures and discussion above depicts metallocenes, and particularly
ferrocene, thls same general idea can be used to add ETMs in addition to metallocenes, as nucleosnde
replacements or in polymer embodiments, described below. Thus, for example, when the ETM is a
transition metal oomplex other than a metallocene comprising one, two or three (or more) ligands, the
ligands can be functlonahzed as deplcted for the ferrocene to allow the addition of phosphoramidite
groups. Parnculany preferred in this embodlment are complexes comprising at least two ring (for
example aryl and substituted aryl) ligands, where each of the ligands comprises functional groups for

. attachment via phosphoramldlte chemistry. As wﬂl be appreciated by those in the an this type of .

reachon creatnng polymers of ETMs either as a portlon of the backbone of the nucleic acid or as “side
groups of the nucleic acids, to allow amplification of the signals generated herein, can be done with

‘ vutually any ETM that can be functxonalnzed to contain the correct chemical groups.

Thus, by inserting a metallocene such as ferrocene (or other ETM) mto the backbone of a nucleic acid

" nucleic ac:d analogs are made; that is, the mvent:on prov:des nucleic acids havmg a backbone

compnsmg at least one metallooene This is dnshnguushed from nucleic acids having metallocenes
attached to the backbone ie viaa nbose a phosphate etc Thatis, two nucleic acids each made up
ofa badmonal nucleic acid or analog (nuclelc acids in this case uncludmg a slngle nudeossde). may be
oova!entty attached to each other viaa metallocene Viewed differently, a metallocene denvatlve or
substituted metallocene is provided, wherein each of the two aromatic rings of the metallocene has a
nucleic acid substrtuteng group.
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Irraddition, as is more-fully outiined below, it is possible to incorporate more than one metallocene into

the backbone, either with nucleotides in between and/or with adjacent metaliocenes. When adjacent
metallocenes are added to the backbone, this is similar to the process described below as
“metallocene polymers®”; that is, there are areas of metallocene polymers wrthm the backbone

In addition to the nucleic acid substitutent groupe, itis also desirable in some instances to add
additional substituent groups to one or both of the aromatic rings of the metallocene (or ETM) For
example, as these nucieoside replacements are generally part of probe sequences to be hybridized
with a substantially complementary nucleic acid, for example a target sequence or another probe
sequence, it is possible to add substitutent groups to the metaliocene rings to facilitate hydrogen
bonding to the base or bases on the opposite strand. These may be added to any position on the
metallocene rings. Suitable substitutent groups inelude,' but are npt limited to, amide groups, amine

‘ groups, carboxylic acids, and alcohols, including substituted alcohols. In addition, these substitutent
groups can be attached via linkers as well, although in general this is not preferred. )

In addmon substituent groups on an ETM, partrcularly metallocenes such as ferrocéne, may be added

to alter the redox properties of the ETM. Thus, for example, in some embodiments, as is more fully
described below, it may be.desirable to have different ETMs attached in different ways (i.e. base or
nbose attachment), on different probes, or for different purposes (for example, calibration or as an
internal standard). Thus the addition of substrtuent groups on the metallocene may allow two different

: ETMs to be distinguished.

In order to generate these meiallocene-backbone nucleic acid analogs the mtermedlate components
are also provided. Thus, in a preferred embodiment, the invention provides phosphoramldlte
metallocenes, as generally depicted in Structure 39: - .
Structure 30 i
PG—o0 =
' Z%Aﬁomilrnc RIN

" . Z=—AROMATICRIN '

.
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In Stmcture 39, PGisa protectmg group. generalry suitable for use in nuclelc acld synthesrs wrth
DMT MMT and TMT all being preferred The aromatic rings can either be the nngs of the
metallocene, or aromatic rings of ligands for transition metal complexes or other organic ETMs. The

aromatic rings may be the same or different, and may be substituted as discussed herein.

Structure 40 depicts the ferrocene derivative:

Structure 40
PG—0O

?‘@
O

NCH,CH,C— P— N o Chy
CH CHs
H;C( \CHa

These phosphoramldlte analogs can be added to standard ohgonucleotrde syntheses as is known i n -
the art.

- Structure 41 deplcts the ferrocene peptnde nuclerc acid (PNA) monomer, that can be added to PNA

synthes;s (or regular protein synthesis) as is known in the art and deplcted within the Flgures and
Examples: :

Structure 41
. PG—NH

In Structure 41,the PG. pnotectrng group is suitable for use in peptrde nucleic acid synthesrs wrth
MMT, boc and Fmoc being preferred: ‘

These same rntermedlate compounds can be used to form ETM or metatlocene polymers. whrch are
added to the nucleic acuds rather than as backbone replacements, as is more fully described below.
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- In a preferred embodiment, the ETMs are attached as polymers, for example as metallocene -
polymers, in a “branched” conﬁgurabon similar to the “branched DNA” embodiments herein and as -

outlined in U.S. Patent No. 5,124,246, using modified functionalized nucleotides. The general idea is
as follows. A modified phosphoramidite nucleotide is generated that can ultimately contain a free.
hydroxy group that can be used in the attachment of phosphoramidité ETMs such as metallocenes. -
This free hydroxy group could be on the base or the backbone, such as the ribose or the phosphate
(although as will be apprecnated by those in the art, nucleic acid analogs containing other structures
can also be used) The modified nucleotide is incorporated into a nucleic acid, and any hydroxy

protecting groups are removed, thus leaving the free hydroxyl. Upon the addition of a
>phosphotamidite ETM such as a metallocene, as described above in structures 39 and 40, ETMs,

: soch as metallocene ETMs, are added. Additional phosphoramidite ETMs such as metallocenes can

" be added, to form “ETM polymers”, including “metallocene polymers” as depicted in Figure 36 with
ferrocene. In addition, in some embodiments, it i desirable to increase the solubility of the polymers
tiy adding a “capping” group to the tertnina! ETMin thevpolymer, for example a final phosphate group
to the metallocene as is generally depicted in Figure 36. Other suitable solubility enhancing "capping”

groups will be appreciated by those in the art. It should be noted that these solubility enhancing groups
can be added to the polymers in other places, mcludlng to the ligand rings, for example on the
metallocenes as discussed herein -

" A preferred embodlment of this general idea is outlmed in the Figures. In this embodtment. the2

position of a nbose of a phosphoramidite nucleottde is first functionalized to contain a protected
hydroxy group, in this case via an oxo-linkage, although any number of linkers can be used, as is-
generally described herein for Z linkers. The protected modified.nucleotide is then incorporated via
standard ohosphoramidite chemistry into a growing nucleic acid. The protecting g'roup ié rerhovéd,’ |
and the free hydroxy group is used, agam using: standard phosphoramidite chemtstry toadda .
phosphoramtdne metallocene such as ferrocene. A snmllar reaction is possible for nucleic acid
analogs. For example, using peptide nucleic acids and the metallocene monomer shown in Structure
41, peptide nucleic acid structures containing metallocene polymers oould be gener_ated. '.

Thus, the present invention provndes recrultment linkers of nucleic acids comprising "branches of

' metanocene polymers as is generally depscted in Figures 36 and 37. Preferred embodiments also _
utilize metallocene polymers from one to about 50 metallocenes in length with from about 5 to about
'20 bemg pneferred and from about 5 to about 10 being especnally preferred R '

In addition, when the recruitment linker is nucleic acid, any combination of ETM attachments may be
done. ' B '
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Aln a preferred embodiment, the recruitment linker is not nucleic acid, and instead may be any sort of

linker or polymer. As will be appreciated by those in the art, generally any linker or polymer that can be

-modified to contain ETMs can be used. In general the polymers or Ilnkers should be reasonably
~ soluble and contain sunable functional groups for the addition of ETMs.

vAs used herein, a “recruitment polymer' compnses at least two or three subunits, which are covalently
'attaohed At least some portion of the monomeric subumts contain functional groups for the covalent

attachment of ETMs. In some embodiments coupling moieties are used to covalently link the subunits
with the ETMs. Preferred functional groups for attachment are amino groups, carboxy groups, oxo
groups and thiol groups, with amino groups being particularly preferred. As wrll be appreciated by
those in the art, a wide variety of recruitment polymers are possible.

Suitable linkers include;- but are not limited to, alky! linkers (including heteroalkyl (including
(poly)ethylene glycol-type structures), substituted alkyl, aryall<yl linkers, etc. As above for the
polymers, the linkers will comprise one or more functional groups for the attachment of ETMs, which
will be. done as will be 'appreciated by those in the art, for example through the use homo-or hetero-
bifunctional linkers as are well known (see 1994 Pierce Chemical Company catalog. technical section
on cross-lmkers pages 155-200, incorporated herein by reference).

'Smtable recruntment polymers lnclude but are not limited to, functlonallzed styrenes such as amino

styrene ‘functionalized dextrans, and polyamino acuds Preferred’ polymers are polyamino acids (both
poly-D-amino acids and poly-L-amino acids), such as polylysnne, and polyrners containing lysine and

 other amino acids being particularly preferred. Other suitable polyamino acids-are polyglutamic acid,

polyaspartic acid, co-polymers of lysine and glutamic or aspartic acid, co-polymers of lysine with -
alanine, tyrosine, phenylalanine, serine, tryptophan, and/or proline. '

In a preferred embodiment, the recrurtment linker compnses a metallocene polymer, as is described-
above. '

The attachment of the recruitment linkers to either the solution binding ligand or the first portion of the -

. label probe will depend on the composmon of the recruitment linker and of the label and/or binding-

ligand as will be appreclated by those in the at. When either the label probe or the binding Irgand is
nucleic acid, nucleic aeld reerurtment flinkers are generally formed during the synthesis of the first -
species, with incorporation of nucleosides containing ETMs as required. Altematrvely the first pomon
of the label probe or the binding ligand and the recrurtment linker may be made separately, and then -.
attached. When they are both nucleic acid; there may be an overlapplng section of oomplementanty,
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forrmng a section of double stranded nucleic acid that. can then be chemically crosslinked, for example
by using psoralen as is known in the art. '

When non-nucleic acid recruitmerit linkers are used, attachment of the linker/polymer of the
recruitment linker will be done generally using standard chemical techniques, such as will be

appreclaled by those in the art. For example, when alkyl-based lmkers are used, attachment can be
snmllar to the attachment of insulators to nucleic acids. -

in addi_tlon, it is possible to have recruitment linkers that are mixtures of nucleic acids and non-nucleic

~ acids, either in a linear form (i.e. nucleic acid segments linked together with alkyl linkers) or in"
~ branched forms (nucleic acids with alkyl "branches that may contain ETMs and may be additionally

branched)

it is also possible to have ETMs connected to probe sequences, i. e. sequences designed to hybridize
to complementary sequences. Thus, ETMs may be added to non-recruitment linkers as well. For .
example, there may be ETMs. added to sections of label probes that do hybndlze to oomponents of the
assay complex for example the first portion, or to the target sequence as outlined above and depicted
in Figure 39R. These ETMs may be used for electron transfer detection in some embodrments or
they may not, dependlng on the location and system For example, in some embodiments, when for
example the target sequence containing randomly incorporated ETMs is ‘hybridized directly to the
capture probe asis deplcted in Figure 39A and 39B, there may be ETMs in the portion hybridizing to
the capture probe. If the capture probe is attached to the electrode using a conductive oligomer, these
ETMs can be used to detect electron transfer as has been prevuously descnbed Altemat:vely these

- ETMs may not be specifically detected. -

Srmrlarly in some embodiments, when the recruitment lmker is nucleic acld it may be des:rable in
some instances to have some or all of the recruitment linker be double stranded. In one embodlment
there may be a second recruitment linker, substantlally complementary to the first recruitment rnker

: that can hybridize to the first recruitment linker. In a preferred embodlment, the first recruitment linker

compnses the covalently attached ETMs In an alternative embodlment. the secorid recruitment linker
contains the ETMs, and the first recrultment linker does not, and the ETMs are recruited to the surface
by hybndnzatron of the second recruitment linker to the ﬁrst. In yet another embodiment, both the first -
and second recruitment linkers comprlse ETMs It should be noted, as discussed above that nucleic
acids comprising a large number of ETMs may not hybndlze as well, i.e. the T,, may be decreased,
depending on the site of attachment and the characteristics of the ETM. Thus, in general, when o
multiple ETMs are used on hybridizing strands, generally there are less than about 5, with less than
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about 3 being preferred, or alternatively the ETMs should be spaced sutﬁciently far apart that the .
intervening nucleotides can sufficiently hybridize to allow good kinetics. :

In one embodiment. when nucleic acid targets and/or hinding ligands and/or recruitrnent_ linkers are
used, non-covalently attached ETMs may be used. In one embodiment, the ETM is a hybridization
indicator. Hybridization indicators serve as an ETM that will preferentially associate with double’
stranded nucleic acid is added, usually reversibly, similar to the method of Millan et al, Anal. Chem. -
65:2317-2323 (1993); Millan et al., Anal. Chem. 662943-2948 (1994), both of which are hereby
expressly incorporated by reference. In this embodiment, increases in the local concentration of -
ETMs, due to the association of the ETM hybridization indicator with double stranded nucleic acid at
the surface, can be monitored using the monolayers comprising the conductive olrgomers

: Hybndrzatron mdxcators rnclude rntercalators and minor and/or major groove brndmg moieties. In a

preferred embodrment. intercalators may be used; since rntercalatron generally only occurs in the -
presence of double stranded nucleic acid, only in the presence of double stranded nucleic acid will the-
ETMs concentrate. Intercalating transition metal complex ETMs are kncvm in the art. Similarly, major .
or minor groove binding moieties, such as methylene blue, may also be used in this embodiment,

_ Similarly, the systems of the invention may utilize non-covalently attached ETMs asis generalty

described in Napier et al., BIOCOI’\] Chem, 8:906 (1997), hereby expressly incorporated by reference

' In this embodiment, changes in the redox state of oertain molecules as a result of the presence of

DNA (i.e. guanine oxidation by ruthenium complexes) can be detected usmg the SAMs compnsrng
conductive olrgomers as well.

Thus; the present invention provides electrddes comprising monolayers comprising conductive
oligomers, generally including capture binding ligands, and either binding ligands or label probes that
will bind to the binding ligands comprising recruitment linkers containing ETMs.

' ln a preferred embodrment, the oomposrﬁons of the inventron are used to detect target anatytes ina -

sample Ina preterred embodiment, the mrget analyte is a nucleic acid, and thus detectlon oftarget -

N sequences is done The term "target sequence or grammatical equivalents herein means a nucleic '

acid sequence on asingle strand of nucleic acid. The target sequence may be a portion of agene, a

_regulatory sequence. genomic DNA, cDNA, RNA including mRNA and rRNA, or others. It may be any
‘length, with the understanding that longer sequences are more specific. As will be appreciated by

those in the art, the complementary target sequence may take many forms. For example, it may be
contained within a larger nucleic acid sequence, i.e. all or part of a gene or mRNA, a restriction
fragment of a plasmid or genomic DNA, among others. As is outlined more fully below, probes are
made to hybridize to target sequences to determine the presence or absence of the target sequence in
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a sample. Generally‘speaking. this term will'be understood by those skilled in the art. The target .
sequence may also be comprised of different target domarns for example, a first target domain of the
sample target sequence may hybridize to a capture probe or a portion of capture extender probe, a .
second target domain may hybridize to a portion of an amplifier probe, a label probe, or a different -

‘capture or capture extender probe, etc. The target domains may be adjacent or separated. The terms .

“first” and second" are not meant to confer an orientation of the sequences with respect to the 5-3'
orientation of the target sequence. For example, assuming a 5‘-3’ orientation of the complementary
target sequence the first target domain may be located either 5' to the second domaln or3'tothe .

'second domain.

If requrred the target analyte is prepared usrng known techmques For example, the sample may be -
treated to lyse the cells, using known lysis buffers, electroporation, etc., with purrﬁcatron occuring as |
needed, as will be appreciated by those in the art. In a preferred embodiment, when the target analyte
is nucleic acid, amplification may be done, including PCR and other amplification techniques as
outlined in PCT US99/01705, incorporated herein by reference in its entirety.

- When the target analyte is a nucleic acid, probes of the present invention are designedtobe -

complementary to a target sequence (either the target ‘sequence‘ of the sample or to other probe'
sequences as is described below), such that hybridization of the target sequence and the probes of
the present mventron occurs. As outimed below, thrs complementanty need not be perfect' there may

- be any number of base pair mismatches which wrll rnterfere with hybridization between the target

sequence and the srngle stranded nuc!elc acids of the present invention. However, if the number of
mutatrons is so great that no hybndrzatron can occur under even the least stringent of hybridization
condltrons the sequence is not a complementary target sequence. Thus, by “substantially
complementary” herein is meant that the probes are sufﬁcrently complementary to the target

: 'sequences to hybndlze under normal reaction conditions. -

Generally the nuclerc acid composmons of the invention are’ usefut as ollgonucleotlde probes Asi is
appreciated by those in the ant, the length of the probe will vary with the length of the target sequence
and the hybridization and wash conditions. Generally, oligonucleotide probes range from about 8 to
about 50 nucleotides, with from about 10 to about 30 being preferred and from about 12 to about 25

~ being especially preferred. In some cases, very long probes may be used, e.g. 50 to 200-300 -

nucleotides i inlength. Yhus, in the structures depicted herern nucleosrdes may be replaced wnth
nucleic acrds

A variety of hybridization conditions may be'_used in the‘present inuention. including high, moderate
and low stringency conditions; see for example Maniatis et al., Molecular Cloning: A Laboratory
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Manual, 2d Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et al, hereby
incorporated by referenece. The hybridization conditions may also vary when a non-ionic backbone,
i.e. PNA is used, as is known in the art. In addition, cross-hnkmg agents may be added after target
binding to cross-lmk, ie covalentiy attach the two strands of the hybridization complex.

As will be appreciated by those in the art, the nucleic acid systems of the invention may take on a

large number of different configurations, as is generally depicted in the figures. In general, there are
three types of systems that can be used: (1) systems in which the target analyte itself is labeled wrth
ETMs (i.e. the use of a target analyte analog, for non-nucleic acid systems, or, for nucleic acid
systems, the target sequence is labeled; see Figures 6A, 6B and 6C); (2) systems in which label

. probes (or capture binding ligands with recruitment linkers) directly bind (i.e. hybridize for nucleic

actds) to the target analytes (see Figures 6D-6H for nucleic acid embodiments and Figure 2A and 2C.
for non-nucleic acid emboduments) and (3) systems in which 1abel probes comprising recruitment

-linkers are indirectly bound to the target analytes, for example through the use of amplifier probes (see

Figures 6l, 6J and 6K for nucleic acid embodiments and Figure 2B and 2D for non-nucleic acid
embodiments). V

Inall three of theSe systems.,it is preferred, although not required, that the target analyte be’
immobilized on the electrode surface. This is preferably done using capture binding figands and
optionally one or more capture extender ligands. When only capture binding ligands are utilized, it i

-necessary to have unrque capture bmdlng ligands for each target analyte that is, the surface must be

customized to contam unique capture bmdmg hgands Alternatlvely the use of capture extender
ligands, particularly when the capture extender Irgands are capture extender probes (i.e. nucleic acrds)
may be used, that allow a “universal’. surface ie.a surface containing a single type of capture probe
that can be used to detect any target sequenoe '

Capture extender probes or moieties may take on a v'aﬁety of different conformations, depending on -

. the identity of the target analyte and of the binding ligands. In a preferred embodiment, thetarget .-

analyte and the blndmg Irgand are nucleic acids. In this embodlment. the capture extender” probes

~are generally depicted in Fgure 6 and have a first portion that will hybndnze to all or part of the capture

probe and a second portton that wil hybndtze to a portion of the target sequence This then allows . _
the generation of customized soluble probes, which as will be appreciated by those in the art is
generally simpler and less (:osz As shown herein (e.g. Figure 6H), two capture extender probes may
be used This has generally been done to stabilize assay complexes (for example when the target

sequence is large, or when large amplifier probes (particularly branched or dendrimer amplifier
probes) are used. ‘
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»When the capture binding ligand is not a nuclerc acrd capture extender components may still be used.

In one embodiment, as depicted in Figure 2C, the capture brndlng ligand has an associated capture

- extender of nucleic acid (although as will be appreciated by those in the ant, it could be part of a
' binding pair as well) that can be used to target to the electrode surface. Altematrvely an addmonal

wpture extender component can be used, to allow a "generic” surface (see Frgure 1).

'In a preferred embodiment, the capture binding ligands are added after the formation of the SAM ((4)

above). This may be done in a variety of ways, as will be appreciated by those in the art. Inone

embodiment, conductive oligomers with terminal functional groups are made, with preferred

embodiments utilizing activated carboxylates and isethidcyanates, that will react with primary amines

~ that are put onto the binding ligand, as is generally depicted in Figure 7 using an activated carboxylate

and nucleic acid, although other capture ligands may be attached in this way as well. These two
reagents have the advantage of being stable in aqueous solution, yet react with primary alkylamrnes
This allows the spottrng of probes (either capture or detection probes or both) using known methods
(ink jet, spotting, etc.) onto the surface. : :

In addition, there are a number of non-nucleic acrd methods that can be used to rmmobrlrze a capture )
bmdrng llgand on a surface.  For example; bmdmg partner parrs can be utilized; i.e. one bmdmg

. partner is attached to the terminus of the conductive oligomer, and the other to the end of the brndmg '

llgand This may also be done without using a nucleic acid capture probe; that is, one binding partner
serves as the capture probe and the other is attached to erther the target sequence or a capture

- extender probe That is, either the target sequence compnses the binding partner, or a capture

extender probe that will hybridize to the target sequence comprises the brndrng partner. Suitable -
binding partner pairs include, but are not limited to; hapten pairs such as biotin/streptavidin; ‘
anﬁgens/antibodies; NTA/histidine tags; etc. In general, smaller binding partners are preferred. -

In a preferred e'mbodiment. when the target sequence itself is modified to contain a binding p‘artne'r
the brndrng partner is attached via a modified nucleotide that can be enzymatically attached to the
target sequence, for example during a PCR target ampl‘ﬁcatron step Altemabvely the brnding partner
should be easrly attached to the target sequence. -

: Altematrvely a capture extender probe may beé utilized that has a nucleic acrd portion for hybndlzatron
to the target aswellasa. binding partner(for example the capture extender probe may comprise a

non-nucleic acid portion such as an alkyl linker that is used to'attach a binding partner). In this -

' embodrment, it may be destrab!e to cross-link the double-stranded nucleic acid of the target and

capture extender probe for stability, for example using psoralen as is known in the rart
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In one embodiment, the target is not bound to the electrode surface using capture binding ligands. In
this embodrment, what is |mportant as for all the assays herein, is that excess label probes be
removed pnor to detection and that the assay complex (comprising the recruitment linker) be in
pmxrmrty to the surface. As will be appreciated by those in the art, this may be accomplished i in other

) ways ‘For example, the assay complex may be present on beads that are added to the electrode
] compnsmg the monolayer The recruitment linkers compnsmg the ETMs may be placed in proxlmrty to
N the conductrve ohgomer surface using techmques well known in the art, including gravrty settling of the

beads on the surface electrostatic or magnebc interactions between bead components and the
surface, using bmdlng partner attachment as outhned above. Altematwely after the removal of excess
reagents such’ as excess label probes, the assay complex may be driven down to the surface, for
exarnple by pulsing the system with a voltage sufficient to drive the assay complex to the surface.

However, preferred embodiments utilize assay complexee attached via capture binding ligands.

For nuclerc acid systems a preferred embodlments utilize the target sequence ltself containing the
ETMs. As discussed above, this may be done using target sequences that have ETMs incorporated
at any number of positions, as outlined above. ‘ R_epresentatrve examples are depicted in Figures 6A,
6B and 6C. In this embod'iment.'as'for the others of the system, the 3'-5' orientation of the probes and
targets is chosen to get the ETM-containing structures (i.e. recruitment linkers or target sequences) as

'close to the surface of the monolayer as possible, and in the correct orientation. This may be done

usmg attachment via msulators or oonductrve ollgomers asis generally shown in the Fgures In
addition, as wull be apprecrated by those in the art, multrple wpture probes can be utilized, eitherina -

. ‘,oonﬁguratron such as deplcted in Flgure 6C, wherein the 5'-3' orientation of the capture probes is.

drfferent, or where “loops” of target form when multrples of capture probes as deprcted in Frgures 6A
and GB are used :

For nuclerc acrd systems a preferred embodrments utilize the label probes directly hybndlzmg to the :

L target sequences, as is generally depicted in Figures 6D - 61. In these embodiments, the target
* sequence is preferably, but not required to be, immobilized on the surface using capture probes, .

tnduding wptu're extender probes. Label probes are then used to bring the ETMs into proxi'rhity of'the
surface of the monotayer comprising conductive ohgomers na preferred embodlment. multiple label
probes are used that is, label probes are designed such that the portion that hybridizes to the target

. sequence (labe!ed 41 in the figures) can be different for a number of different label probes; such that

amptiﬁcat:on of the sngnal occurs, since multiple label probes can bmd for every target sequence.
Thus ‘as depicted in the figures, n is an integer of at Ieast one. Depending on the sensitivity desired,
the tength of the target sequence, the number of ETMs per label probe, etc., preferred ranges ofn are
from 1 to 50. vyith from about 1 to about 20 being particularly preferred, and from about 2 to about 5
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' berng especially preferred. In addition, if *generic” label probes are desired, label extender probes
can be used as generally described below for use - with amplifier probes

As above, generally in this embodlment the conﬁguratron of the system and the label probes _
(recrurtment l'nkers) are desrgned to recruit the ETMs as close as possible to the monolayer surface.

In a preferred embodiment, the label probes are bound to the target analyte indirectly. Thatis, the
present invention finds use in novel combinations of s'ignal amplification technologies and electron
transfer detection on electrodes, which may be particularly useful in sandwich hybridization assays, for
nucleic acid detection, as generally depicted in Figures 61 et seq. In these embodiments, the amplifier
probes of the invention are bound to the target sequence in a sample either directly or indirectly.

Since the amplrﬁer probes preferably contain a relatively large number of ampiifi catron sequences that
are avarlable for bmdlng of label probes, the detectable signal is sigmﬁmntly tncreased and allows the

) detec'aon limits of the target to be sngmﬁcantly improved. These label and amplifier probes, and the-

detection methods descnbed herein, may be used in essentially any known nuclelc acid hybndrzatron

“formats, such as those in which the target is bound drrectly to a solid phase or in sandwich .

hybnduzatron assays in which the target is bound to one or more nucleic acids that are m turn bound to
the solid phase ’

ln general these embodrments may be described as follows.” An amplrﬁer probe is hybndrzed to the '

~ target sequence either dlrectty (e. g Figure 61), or through the use of a label extender probe (e g..

Figure 6N and 60), which serves to allow * generic” amplrﬁer probes to be made. The target sequence
is preferably, but not required to be, immobilized on the electrode uslng capture probes. Preferably,
the amplifier probe contains a multiplicity of amplification sequenoes ‘although in some embodrments '
as described below, the amplifier probe may contain only a smgle amphfmtron sequence. The
amplifier probe may take on a number of drfferent forms; either a branched conformatron a dendnmer
conformatron or a linear “string” of amplrﬁcatron sequences. These amplrﬁcatron sequences are used
to form hybndlzatron complexes wrth label probes and the ETMs can be detected usrng the electrode "

. Aooord‘ngly, the present invention provrdes assay oomplexes oompnslng at least one amplrﬁer probe

By amprrﬁer probe or *nucleic acid multlmer’ or "amplification multimer” or grammatxcal equrvalents '
herein is meant a nuclerc acid probe that is used to facﬂrtate signal amplrﬁcatlon Amplrﬁer probes B
comprise at least a first single-stranded nucleic acid probe sequence, as defined below, and at least
one single-stranded nuclerc acid amplification sequence, with a multiplicity of amplification sequenoes
being preferred. In some embodiments, it is possible to use amplifier binding lrgands. that are non-
nucleic acid based but that comprise a plurality of bxndmg sites for the later assocratron/bmdlng of label
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hgands compnsmg recrurtment linkers. However amplrﬁer probes are preferred in nuclerc acnd
systems. ) ’

I Amplifier probes compnse a first probe sequence that is used, either dlrectly or mdlrectly to hybndnze

to the target sequence. That is, the amplifier probe itself may have a first probe sequence thatis - B
substantlally complementary to the target sequence (e.g. Figure 61), orithas a ﬁrst.probe sequence

-“that is substantially complementary to a portion of an additional probe, in this case called a label

extender probe, that has a first portion that is substantially complementary to the target sequence (e.g.
Figure 6N). In a preferred embodiment, the first probe sequence of the amplifier probe is substantially
complementary to the target sequence, as is generally depicted in Figure 6.

In general, as for all the probes herein, the first probe sequence is of a length sufficient to give
specificity and stability. Thus generally, the probe sequences of the invention that are designed to
hybridize to another nucleic acid (i.e. probe sequences, amplification sequences, portions or domains
of larger probes) are at least about'5-nucleosides long, with at least about 10 being preferred and at

least about 15 being especially pre_ferred.

Ina preferred embodiment, as is depicted in Figure 8, the ampliﬁer probes, or any of the other probes

'of the mventron may form hairpin stem-loop structures in the absence of their target. The length of the

stem double-stranded sequence will be selected such that the hairpin structure is not favored in the
presence of target. The use of these type of probes, in the systems of the invention or in any nucleic
acrd detection systems, can resultin a srgmﬁcant decrease in non~spec|ﬁc binding and thus an ' )

- increase in the srgnal to noise ratio.

Generally these halrpln structures comprise four oomponents The first component ts a target bmdrng
sequence, i.e. a reglon oomplementary to the target (which may be the sample target sequenoe or
another probe sequenoe to which binding is desired), that is about 10 nucleosrdes long, with about 15
being preferred. The second component is a loop sequence, that can facilitate the formation of nucleic
acid loops. Parbcularly preferred in this regard are nepeats of GTC which has been identified i in
Fragile X Syndrome as fonmng tums. (When PNA analogs are used, turns comprising proline-
residues may be prefen'ed) Generalty from three to five repeats are used, with four to five bemg
preferred The third component is a setf-oomplementary region, which has a ﬁrst pomon that is-
oomplementary to a portion of the target sequence region and a second portion that compnses a first
pomon of the label probe binding sequence. The fourth oomponent is substantlally complementary to
a label probe (or other probe, as the case may be). The fourth oomponent further comprises a “sticky -
end”, that is, a portion that does not hybridize to any other portron of the probe, and preferably

- contains most, if not all, of the ETMs. The general structure is depicted in Figure 38. As will be
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apprecrated by those in the art, the any or all of the probes-described herein may be conﬁgured to
form hairpins in the absence of their targets including the ampiifier, capture, capture extender, label
and label extender probes

Ina preferred embodiment, several different ampltﬁer probes are used, each with ﬁrst probe -
sequences that will hybndlze to a different pomon of the target sequence. That s, there is more than
one level of amplrﬁcatlon the amplifier probe provides an amplification of srgnal due to a multiplicity of
labelling events, and several different amplifier probes, each with this multiplicity of labels, for each

~ target sequence is used. Thus, preferred embodiments utilize at least two different pools of amplifier
- probes, each pool having a different probe sequence for hybridization to different portions of the target
' sequence, the only real limitation on the number of different amplifier probes will be the length of the

onglnal target sequence. In addition, it is also possible that the different amplifier probes contain

'drfferent amplification sequences, although this is generally not preferred.

“Ina preferred embodlment, the amplifier probe does not hybndnze to the sample target sequence

dxrectly but instead hybridizes to a first portion of a label extender probe, as is generally depicted in
Figure 39L. This is particularly useful to allow the use of © genenc amplifier probes, that is, amplifier
probes that can be used with a varlety of different targets. This may be desirable since several of the -
amplifier probes require special synthesis techmques Thus, the addition of a relatively short probe as
a label extender probe is preferred “Thus, the first probe sequence of the amplifier probe is
substantrally complementary to a first portion or domain of a first label extender srngle-stranded
nuclerc acid probe. The label extender probe also contains a second portion or domain that i is.
substantrally complementary to a portion of the target sequence. Both of these port:ons are preferably
at least about 10 to about 50 nucleotides in length, with a range of about 15 to about 30 being
preferred. The terms “first” and seoond" are not meant to confer an orientation of the sequences with
respect to the 5'-3' orientation of the target or probe sequences. For example, assumlng a5-3
orientation of the oomplementary target 'sequence, the first portlon may be located either 5' fo the

, second porbon or 3' to the second portion.’ -For convenience herern the order of probe sequences are '

generally shown from left to nght.

In a preferred embodiment, more than one label extender probe-amplrﬁer probe pair may be used, tht .
is, n is more than 1. Thatis, a pluralrty of label extender probes may be used, each with a portion that
is substantrally complementary to a different portion of the target sequence; this can serve as another
leve! of amplification. Thus, a preferred embodiment utilizes pools of at least two label extender
probes with the upper limit being set by the length of the target sequence.
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ln a preferred embodiment, more than one labe! extender probe is used with a srngle amplifier probe to

reduce non-specific binding, as is deplcted in F:gure 60 and generally outlined in U.S. Patent No.
5,681,697, incorporated by reference herein. In this embodiment, a first portion of the first label’
extender probe hybridizes to a first portion of the target sequence, and the second portlon of the first A

label extender probe hybridizes to a first probe sequence of the amplifier probe. A ﬁrst portion of the

second label extender probe hybridizes to a second portion of the target sequence, and the second
portion of the second label extender probe hybridizes t6 a second probe sequence of the amplifier
probe. These form structures sometimes referred to as “cruciform” structures or configurations, and
are generally done to confer stability when large branched or dendrimeric amplifier probes are used. -

In addition, as wrll be appreciated by those i in the art, the label extender probes may lnteract wuth a
preamplifier probe, described below, rather than the amphﬁer probe directly. ‘

Similarly, as outlined above, a preferred embodiment utilizes several different ampliﬁer ‘probes, each
witl\ first probe sequences that will hybridize to a different portion of the label extender probe. In’ )
addition, as outlined above, it is also possible that the different amplifier probes contain different :
amplrﬁcatlon sequences although this is generally not preferred. ’

_In addition to the first probe sequence, the amplifier probe also comprises at Ieast one amprﬁcabon
'sequence An “amplification sequence” or "amplification segment" or grammatxcal equivalents herem
ismeanta sequence that is used, either directly or indirectly, to bind to a first portnon ofa label probe

as is more fully described below. Preferably the amplifier probe comprises a multiplicity of -
amplification sequences, with from about 3 to about 1000 bemg preferred, from about 10 to about 100
being partlcularly preferred, and about 50 bemg especrally preferred. In some cases, for example
when linear amplifier probes are used from 1 to about 20 is preferred with from about 5 to about 10
being particularly preferred. Agam when non-nucleic acid ampllﬁer moieties are used, the
ampilification segment can bind label ligands. '

The amplification sequences may be linked to each other in a varie'ty of ways, as will be eppredated _
by those in the art. They may be covalently: linked dlrectly to each other, or to mtervemng sequenoes
or chemical moretxes through nucleic acid linkages such as phosphoduester bonds, PNA bonds, etc.,

* or through interposed linking agents such amino acid, urbohydrate or polyol bndges or through other 8

cross-linking agents or binding partners The srte(s) of llnkage may be at the ends of a segment,
and/or at one or more intemal nucleotides in the strand. in a preferred embodiment; the amplification
sequences are attached via nucleic acid linkages.
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ln a preferred embodiment, branched ampllﬁer probes are used, as are generally descnbed in Us..
Patent No. 5,124,246, hereby incorporated by reference. Branched amplifier probes may take on
“fork- Irke or “comb-like” conformatlons "Fork-lnke branched amplifier probes generally have three or
more oligonucieotide segments emanating from a point of ongrn to form a branched structure, The

C pomt of origin may be another nucleotlde segment or a multrfunctronal molecule to whcih at least three
' ,segments canbe oovalently or tlghtly bound. *Comb-like” branched amplifier probes have a linear

backbone with a multiplicity of sidechain oligonucleotides extending from the backbone. In either _

‘conformation, the pendant segments will normally depend from a modified nucleotide or other organic

moiety having the appropriate functional groups for attachment of oligonucleotides. Furthermore in
either conformation, a large number of amplification sequences are available for blndmg, either directly
or indirectly, to detection probes. . In general, these structures are made as is known in the arn, usrng
modified multifunctional nucleotides, as is descnbed in U.S. Patent Nos. 5, 635 352 and 5,124 246
among others.

In a preferred embodirment, dendrimer amplifier probes are used, as are generally described in U.S.
Patent No. 5,175,270, hereby expressly incorporated by reference. Dendrimeric amplifier probes have
amplification sequences that are attached via hybridization and thus have portions of double-stranded
nucleic acid as a component of their structure. The outer surface of the dendrimer amphﬁer probe has
a multrplrcrty of amphﬁcatron sequences

‘Ina preferred embodrment, llnear ampllﬁer probes are used that have rndwldual amplrﬁcatron
" sequences linked end-to-end either directly or wrth short intervening sequences to form a polymer As .

with the other amplifier conﬁguratrons there' may be addrtronal sequences or moieties between the -
amplification sequences. " In addition, as outlined herein, linear amplrﬁcatlon probes may form hairpin
stem-loop structures asis deprcted inFigure 8. '

. ln one embodlment, the linear amplifier probe has a srngle amplrﬁcatron sequence This | may be useful

when cycles of hybndrzatlonldrsassocratron occurs, formmg a pool of amplifier probe that was’
hybridized to the target and then removed to allow more probes to'bind, or when large numbers of
ETMs are used for each label probe. However, i ina preferred embodiment, linear amplifier probes *
comprise a multrplrcrty of amplrﬁution sequences.

In addmon the amplifier probe may be totally linear, totally branched, totally dendnmenc or any
combination thereof.

The amplification sequences of the amplifier probe are used, either directly or indirectly, tobindtoa
label probe to allow detection. In a preferred embodlment, the amplification sequences of the
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amp'litier‘pnobe are substentially complerr_tentary to a first portion of a label probe.. Alternatively,
amplifier extender probes are used, that have a first portion that binds to the ampilification sequence -
and a second portion that binds to the first portion of the label probe.

In addition, the oompositions ot the invention may include “preamplifier” molecules, which serves a
bridging moiety between the label extender molecules and the amplifier probes. In this way, more
amplifier and thus more ETMs are ultimately bound to the detection probes. Preamplifier molecules
may be either Iineer or branched, and typically contain in th_e range of about 30-3000 nucleotides. -

The reactions‘ou'tline‘d below may be accomplished in a variety of ways, as will be appreciated by

A those in the arL Components of the reaction may be added srmultaneously or sequentrally, inany
order, with preferred embodlments outlined below. In addition, the reaction may rnclude a vanety of -

other reagents may be included in the assays. These include reagents like salts, buffers, neutral
prote'ins. e.g. albumin, detergents, etc which may be used to facilitate optimal hybridization and
detection, and/or reduce non-specific or background interactions. Also reagents that otherwise
improve the eff iciency of the assay, such as protease inhibitors, nuclease inhibitors, anti-microbial

agents, etc., may be used dependingon the sample preparatron methods and purity of the target

Generally, the methods are as follows, Ina preferred embodrment, the target is initially |mmob|Irzed or
attached to the electrode. For nucleic acids, this is done by forming a hybridization oomplex between
a capture probe and a portron of the target sequence. A preferred embodiment utilizes capture
extender probes; in this embodlment. a hybndrzahon complex is formed between a portion of the target

~ sequence and a first portion of a capture extender probe, and an additional hybndlzatlon complex

between a ‘second portion of the capture extender probe and a portxon of the capture probe. Addmonal
preferred embodrments utilize additional capture probes, thus forming a hybndlzatlon complex
between a portion of the target Sequenoe and a first portion of a second capture extender probe and
an addmonal hybndrzahon complex between a second portion of the second capture extender probe

‘and a second portion of the capture probe Non-nuclerc acrd embodrments utilize capture brndrng

llgands and optional capture extender Ilgands

Altematlvely the attaohment of the target ‘sequence to the electnode is done svmultaneousty with the

other reactions.

The method prooeedé with the introductiort of amplifier probes, if utilized. In a preferred ernbodiment,

the ampilifier probe comprises a first probe sequence that is substantially oomplementary toa portron

of the target sequence, and at least one amplification sequence.
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Inone embodrment. the first probe sequence of the amphﬁer probe is hybridized to the target
g sequence, and any unhybridized amplrﬁer probe is removed. This will generally bedoneasis known

in the art, and depends on the type of assay When the target sequence is rmmobrlrzed ona surface .

such as an electrode, the removal of excess reagents generally is done via one or more washing

steps as will be appreciated by those i in the art. In this embodiment, the target may be immobilized on

B any solid support.. When the target sequence is not rmmobrlrzed on a surface, the removal of exoess

reagents such as the probes of the invention may be done by addrng beads (i.e. solid support

: partrcles) that contain complementary sequences to the probes, such that the excess probes bind to

the beads. The beads can then be removed, for example by centnfugabon filtration, the applrcatron of
magnetrc or electrostatic fields, etc.

The reactron mixture is then subjected to condrtrons (temperature, high salt, changes in pH, etc.) under
which the ampilifier probe drsassocrates from the target sequence, and the arnplrﬁer probe is collected.
The amplifier probe may then be added to an electrode comprising capture probes for the amplifier

' probes label probes added, and detection is achreved

In a preferred embodrment, a larger pool of probe is generated by addrng more amplrﬁer probe to the

- target sequence and the hybndrzatronldrsassociatron reactions are repeated, to generate a larger pool
“of amplifier probe. This pool of amplrﬁer probe is then added to an electrode compnsrng amplifier. -

wpture probes, label probes added, and detection proceeds..

In thls embodrment. itis preferred that the target analyte be rmmobrlrzed ona solid support mcludrng

~ an electrode usrng the methods described herern although as will be apprecrated by those i in the art,
g altemate solrd support atiachment technologies may be used, such as attachment to glass, polymers,”

etc. ltis possible to do the reactlon on one solid support and then add the pooled amplrf ier probe toan
electrode for detectxon

In a' preferred embodiment, the amplifier probe comprises a multip_llcity of ampliﬁcation sequences. . -

Inone embodrment. the first probe sequence of the amplrﬁer probe is hybndrzed to the target

' sequence, and any unhybndrzed amplrﬁer probe is removed Again, preferred embodrments utrlrze :

rmmobilized iarget sequences, wherein the target sequenoes are lmmobilrzed by hybndrzatron with..
capture probes that are attached to the electrode, or hybndrzabon to capture extender probes that rn
tumn hybndrze with rmmobrlrzed capture probes as is described herern Generally. in these
embodrments thp capture probes and the detection probes are immobilized on the electrode
generally at the same "address”. :
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Ina preferred embodrment, the first probe sequence of the amplrﬁer probe is hybndlzed to a ﬁrst
portion of at least one label extender probe, and a seoond portion of the label extender probe i is ‘
hybridized to a  portion of the target sequence. Other preferred embodiments utxlrze more than one
label extender probe as is generally shown in Frgure 60. ’

ina preferred embodlment the amplification sequences of the amphﬁer probe are used drrectly for
detection, by hybndrzmg at least one label probe sequence. :

The rnvent:on thus provides assay complexes that minimally compnse a target sequence anda label
probe. “Assay complex” herein is meant the collection of binding complexes comprising capture
binding ligands, target analytes (or analogs as described below) and label moieties comprising

recrurtment linkers that allows detection. The composmon of the assay complex depends on the use

of the different components outlined herem _Thus, in Figure 6A, the assay complex comprises the
capture probe and the target sequence. The assay complexes may also include capture extender
lrgands (including probes), label extender lrgands and ampllﬁer ligands, as outlined herem dependmg
on the configuration used.

Tne assays are generally run under'conditlons whieh allows forma'tion of the assay oornpleir"only in tne
presence of target. Stnngency can be oontrolled by altering a step parameter that is a thermodynamlc
vanable, rncludmg, but not limited to temperature formamide concentration; salt ooncentrauon '
chaotropxc salt o_oncentratron pH, organic solvent concentration, etc.

These paremeters may also be used to control non-specific binding for nucleic acids, as is generally
outlined in U.S. Patent No. 5,681,697. Thus it may be desirable to perform certain steps at higher -
stnngency conditions; for example, when an initial hybridization step is done between the target

sequence and the label extender and capture extender probes. Running this step at conditions which
 favor specific binding can allow the reduction of non-speclf ic binding. ' '

In a preferred embodiment, when all of the oon1ponents outlined herein are used, a preferred method

for nucleic acid detection is as follows Smgle-stranded target sequence is lncubated under )
hybridization conditions wuth the capture extender probes and the label extender probes A preferred
embodiment does this reaction in the presence of the electrode with immobilized capture probes,’
although this may also be done in two steps, with the initial incubation and the subsequent addition to -
the electrode. Excess reagents are washed off, and amplifier probes are then added. If preamplrﬁer
probes are used, they may be added erther prior to the amplifier probes or simultaneously with the
amplifier probes. Excess reagents are washed off, and label probes are then added. Excess reagents
are washed off, and detectron proceeds as outlined below.
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In one embodiment, a number of capture probes (or capture probes and capture extender probes) that,

are each substantrally complementary to a different portion of the target sequence are used

Agaln as outlined herein, when amplrﬁer probes are used the systemis generally conﬁgured such
that upon |abel probe binding, the recruitment linkers compnsrng the ETMs are placed in proximity to.
the monolayer surface. Thus for example, when the ETMs are attached via “dendrimer” type
structures as outlined herein, the length of the linkers from the nucleic acid point of attachment to the

ETMs may vary, particularly with the length of the capture probe when capture extender probes are

used. That is, longer capture probes, with capture extenders, can result in the target sequences being
*held” further away from the surface than for shorter capture probes. Adding extra linking sequences
between the probe nucleic acid and the ETMs can result in the ETMs being spatially closer to the
surface giving better results. - :

- In addition, if desirable, nucleic acids utilized in the invention may also be ligated together priorto -

detection, if applicable, by using standard molecular biology techniques such as the use of a Iigaseﬁ
Similarty, if desirable for stability, cross-linking agents may be added to hold the structures stable. .

Other embodiments of the mventron utilize drfferent steps. For example competltrve assays may be A
run. In this embodiment, the target analyte in a sample may be replaced by a target analyte analog
compnsrng a portion that either comprises a recruitment linker or can mdrrectty bind a recruitment
linker. This may be done as is known in the art, for exarnple by using affinity chromatography -
techniques that exchange the analog for the analyte, leaving the analyte bound and the analog freeto .
interact with the capture binding ligands on the electrode surface. Thisis gerre_rally depicted in Figure
4A ‘ : o

Altematrvely a preferred embodrment utlllzes a competttrve brndmg assay when the solution brndmg
rgand compnses a directly or mdxrectty assocrated recruitment linker compnsrng ETMs. In this
embodrment. a target analyte or target anatyte analog that will bind the solution binding Irgand is

. ‘attached to the surface. The solution binding ligand will bind to the surface bound analyte and give a

signal. Upon introduction of the target analyte of the sample a proportion of the solution binding
lrgand will drssocrate from the surface bound target and bind to the incoming target analyte Thus a-

“loss of slgnal proportronal to the amount of target anatyte in the sample Is seen.

The oemposiﬁorrs of the invention_ are generally synthesized as outiined below, generally utilizing -
techniques well known in the art. As will be appreciated by those in the art, many of the techniques - -
outlined below are directed to nucleic acids containing a _nbose-phosphate backbone. However, as
outlined above, many altemate nucleic acid ahatogs may be utilized, some of which may not contain
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either ribose or phosphate in the backbone tn these embodrmen'ts for attachment at posrhons other
than the base, attachment is done as will be appreciated by those in the art, dependmg onthe
backbone. Thus; for example, attachment can be made at the carbon atoms of the PNA backbone, as

is described below, or at either terminus of the PNA.

The composmons may be made in several ways A preferred method ﬁrst synthesrzes a oonductlve
| otrgomer attached to a nucleoside, with addition of additional nucleosides to form the capture probe-

followed by attachment to the electrode Alternatively, the whole capture probe may be made and
then the completed conductive oligomer added, followed by attachment to the electrode. Altemnatively,
a monolayer of conductive oligomer (some of which have functional groups for attachment of capture .
probes) is attached to the electrode first, followed by attachment of the capture probe.. The latter two
methods may be preferred when conductive oligomers are used which are not stable in the solverits
and under the conditions used in traditional nuclerc acid synthesrs.

Ina preferred embodiment, the »compositions of the invention are made by first fonning the conductive
oligomer cdvalently attached to the nucleoside followed by the addition of additional nucleosides to
form a capture probe nucleic acid, with the 1ast step comprising the addition of the oonductwe ohgomer
to the electrode. ’ '

The attachment of the oonductlve ol‘gomer to the nucleosrde may be done in several ways. ln a _

_ preferred embodlment. all or part of the oonductsve oligomer is synthesized first (generally witha . -
'functronal group on the end for attachment to the electrode) which is then attached to the nucteosrde

Addrtronal nucleosrdes are then added as requrred with the tast step generally bexng attachment to the
electrode. Attematrvely oligomer units are added one at a t:me to the nucleosnde with addition of
additional nucleosides and attachment to the electrode. A number of representative syntheses are

' shown in the Figures of WO 98/20162, PCT US98/12430, PCT U599101705 and PCT U899101 703, all

of whrch are expressly rncorporated by referenoe

~ The conductive olrgomer is then attached to a nucleoside that may oontam one (or more) of the -

oligomer units, attached as deplcted henem

In a preferred embodiment, ’attachme'nt is to a ribose of the ribose-phosphate backbone in a number of
ways, including attachment via amide and amine linkages. In a preferred embodiment, there is at least
a methylene group or other short arphahc alkyl groups (as a Z group) between the nitrogen attached
to the ribose and the aromatic ring of the conductive ofigomer. :

Altematively, attachment isviaa phosphate of the ribose-phosphate backbone.
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ina preferred embodiment, attachment is via the base, and can include acetylene lmkages and amzde
_linkages. In a preferred embodrment. protecting groups may be added to the base prior to addrtron of

the conductive oligomers. In addrtlon the palladium cross-couplmg reactions may be altered to
prevent dimerization problems; i.e. two conductive ollgomers dimerizing, rather than couphng to the
base.

Alternatively, attachment to the base may be done by makmg the nucleosrde wrth one unit of the -
olrgomer followed by the addition of others :

Once the modified hm:leosides are prepared, 'protected and activated, prior to attachment to the

electrode they may be incorporated into a growing oligonucleotide by standard synthetrc techmques

(Gart, Oligonucleotide Synthesrs A Practrcal Approach, IRL Press, Oxford, UK 1984; Eckstem) in
several ways.

In one embodiment, one or more modified nucleosides are convertéd to the triphosphate form and

_ mcorporated into a growing olrgonucleotlde chain by using standard molecular biology technrques such

as with the use of the enzyme DNA polymerase I, T4 DNA polymerase T7 DNA polymerase, Taq
DNA polymerase, reverse transcnptase and RNA polymerases For the i rncorporatron ofa3 modified
nucleoside to a nucleic acid, termrnal deoxynucleotidyltransferase may be used. (Ratiiff, Terminal
deoxynucleohdyltransferase InThe Enzymes, Vol 14A. P.D. Boyer ed. pp 105-118. Academic Press
San Drego. CA. 1981). Thus, the present invention provides deoxyribonucleoside trrphosphates
compnsmg a covalently attached ETM. Preferred embodiments utilize ETM attachment to the base or
the backbone, such as the ribose (preferably in the 2’ posrtlon) asis generally depicted below in
Structures 42 and 43; ' : ‘
~ Structure 42

S
o—r—o—-r:»—o—-l:rﬂ—o.
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) CH base—2—ETM. .
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Structure 43
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Thns, in some embodiments, it:may be possible to generate the nucleic acids comprising ETMs in situ.

_ For exarhple, atarget sequence can hybridize to a capture probe (for example on the surface) in such

a way that the terminus of the target sequence is exposed, i.e. unhybridized. The addition of enzymeb
and triphosphate nucleotides labelled with E'IMs allows the in situ creation of the label. Srmrlarly
uslng labeled nucleotldes recognized by polymerases can allow simultaneotis PCR and detectron that
is, the target sequences are generated in situ.

Ina preferred embodlment, the modified nucleosrde is converted tothe phosphoramldrte orH-

: phosphonate form, which are then used in solid-phase or solution syntheses of oligonucleotides. ln

this way the modified nucieoside, either for attachment at the ribose (i.. amino- or thiol-modified -
nucleosides) or the base, is mcorporated into the oligonucleotide at either an internal position or the 5
terminus. This is generally done in one of two ways. First, the 5' position of the ribose is protected

with 4' 4-d|methoxytntyl (DMT) followed by reaction with either 2-cyanoethoxy-bis-
' dusopropylamrnophosphme in the presence of dnsopropylammonlum tetrazolide, or by reactron with

chlorodusopropyla_mlno 2 -cyanoe_thyoxyphosphrne, to give the phosphoramidite as is known in the art;
although other techniques may be used as will be appreciated by those in the art. ‘See Gait, supra;
Caruthers, Science 230:281 (1985). both of which are expressly incorporated herein by reference.

For attachment of a group to the 3' terminus a preferred method utrlrzes the’ attachment of the
modrﬁed nucleoside (or the. nucleoside replacement) to controlled pore glass (CPG) or other “
oligomeric supports. In this embodrment, the modified nucleoside is pnotected at the 5" end with DMT,-
and then reacted with succinic anhydnde with activation. The resulting succrnyl compound is attached
to CPG or other olrgomenc supports as is known i in the art. Further phosphoramidite’ nucleosrdes are
added, either modrﬁed or not, to the:5' end after deprotechon Thus, the present invention pnovrdes R
conductrve oligomers or insulators oovalenﬂy attached to-nucleosides attached to solid olrgomenc B
supports such as CPG, and phosphoramidite denvahves of the nucteosrdes of the invention..

The invention further pro_vides methods of making label probes with recruitment linkers comprising
ETMs. These synthetic reactions will depend on the character of the recruitment linker and the .~

67



10

15

20

25

30

35

WO 99/57317 - ' PCT/US99/10104

method of attachment of the ETM, as will be apprecnated by those in the art. For nucleic acid L
recruitment llnkers the label probes are generally made as outlined herein with the incorporation of
ETMs atone or more positions. When a transition metal complex is used as the ETM synthesrs may
occur m several ways. Ina preferred embodrment. the Iygand(s) are addedtoa nucleoside followed
by the transmon metal ion, and then the nucleoside with the transition metal complex attached is
added toan ollgonucteotrde. i.e. by addition to the nucleic acid synthesnzer Alternatively, the -
hgand(s) may be attached, followed by mcorportatron into a growmg ofigonucleotide chain, followed by

the addition of the metal ion.

In a preferred embodiment, ETMs are attached to a ribose of the ribose-phosphate backbone. This is

‘ 'generalty done as is outlined herein for conductive oligomers, as descnbed herein, and in PCT.
- publication WO 95/15971, usmg amino-modified or oxo-modified nucleosides at elther the2ord -
o posmon of the ribose. The amlno group may then be used either as a ligand, for example asa

transition metal ligand for attachment of the metal ion, or as a chemically functional group that can be
used for attachment of other ligands or organic ETMs, for example via amide linkages, as will be
appreciated by those in the art. For example, the examples describe the synthesis of nucleosides with
a variety of ETMs attached via the ribose. ' :

In a preferred em‘bodiment, ETMs are attached fo a phosphate of the ﬁbose-phoephate backbcne As
outlined herem this may be done usrng phosphodiester analogs such as phosphoramrdrte bonds, see

generally PCT publrcatron WO 95/1 5971, or the ﬁgures _

Attachmeht to,'alternate backbones, for exarrtple pepttde nucleic acids or alternate phcsphate linkages'

. will be done asA will be appreciated by those inthe art..

ln a preferred embodrment, ETMs are attached toa base of the nucleoside Thls may bedoneina
vanety of ways In one embodlment. amino groups of the base either naturally occurring or added as

. is described herem (see the fii tgures for example). are used either as ligands for transition metal
. complexes or as a chemrcally functional group that can be used to add other i ligands, for example via'
~ an amide linkage, or organic ETMs This is done as will be appreciated by those in the art.

Altematrvely. nudeosrdes contalmng halogen atoms attached to.the heterocyclic ring are commercxally
avarlable Acety!ene Irnked ligands may be added using the halogenated bases, as is generally

»known see for example, Tzal' is et al., Tetrahedron Lett. 36(34): 6017-6020 (1995); Tzalis et al.,

Tetrahedron Lett 36(2): 3489-3490 {1995); and Tzalis et al.,.Chem..Communications (in press) 1996,
all of which are hereby expressly incorporated by reference. See also the figures and the examples, .

‘which descnbes the synthesis of metallocenes (in this case, ferrocene) attached via acetylene

lnnkages to the bases.
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In one embodimént, the nucieosidés are miade with-transition metal ligands, incorporated into a nucleic
acid, and then the transition metal ion and any remaining necessary ligands are added as is known in
the art. In an alternative embodiment, the transition metal ion and additional ligands are added prior to
incorporation into the nucleic acid.

Once the nucleic acads of the invention are made with a covalently attached attachment Imker (ie.
either an insulator or a conductive ollgomer) the attachment linker is attached to the electrode The
method will vary depending on the type of electrode used. As is described herein, the attachment .
linkers are generally made with a terminal “A” linker to facilitate attachment to the electrode: For the
purposes of this appilication, a sulfur-gold attachment is considered a covalent attachment.

In a preferred embodiment. conductive oligomers, insulators, and attachment linkers are covale’ntly

 aftached via sulfur linkages to the electrode. However, surprisingly, traditional protecting groups for -

use of attaching molecules to gold electrodes are generally not ideal for use in both synthesis of the _

- compositions described herein and inclusion in olngonucleotlde synthetic reactions. Accordingly, the

pnesent invention provides novel methods for the attachment of conductlve oligomers to gold
electrodes uhhzmg unusual protecting groups, including ethylpyndme and trimethyisilylethyl as is
deplcted in the Figures. However as will be appreciated by those in the art, when the conductlve

: ohgomers do not contain nucleic actds traditional protecting groups such as acetyl groups and others

may be used. See Greene et al supra.

This may be done in several ways. Ina preferred embodrment the subunit of the conduct:ve ofigomer’
Which contarns the sulfur atom for attachment to the electrode is protected with an ethyl-pyridine or
trimethylsilylethyl group. For the former, this is generally done by contacting the subunit containing the
sulfur atom (preferably in the form ofa sulfhydryl) with a viny! pyridine group or vinyl tnmethylsrlylethyl
group under condmons whereby an ethylpyndrne group or trimethylsilylethyl group is added to the
sulfur atom

Thxs subumt also generally contains a functional morety for attachment of addmonal subumts and thus '

addmonal subunits are attached to form the conductive oligomer. The conductive ollgomer is then

..attached toa nucleosnde and additional nucleosides attached. The protecting group is then removed _
and the squur-gold covalent attachment is made. Altemahvely all or part of the oonductwe orgomer is

made and then either a subunit contammg a protected sulfur atom is added, or a sulfur atom is added
and then protected. The conductive oligomer is then attached to a nucleoside, and additional

nucleosides attached. Altematively, the conductive oligomer attached to a nucleic acid is made, and .

then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added and then
protected. Altematively, the ethyl pyridine protecting group may be used as above, but removed after
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one or more steps and replaceo‘wnh a standard protecting group like a dlsulﬁde Thus the ethyl

. pyridine or tnmethylsrlylethyl group may serve as the protectlng group for some of the synthetic -
' '_reacttons and then removed and replaced wnth a tradmonal protectlng group o

.By subumt" ofa conductlve polymer herein is meant at least the monety of the oonductlve olngomer to

which the sulfur atom is attached, although additional atoms may be present, including either
functional groups which allow the addition of additional components of the conductive cligomer, or
additional components of the conductive oligomer. Thus, for example, when Structure 1 oligomers are
used, a subunit comprises at least the first Y group.

A preferred method comprises 1) adding an ethyl pyridine or trimethylsilylethyl protecting group toa
sulfur atom attached to a first subunit of a conductwe oligomer, generally done by adding a vmyl
pyndme or trimethyisilylethyl group to a sulfhydryl 2) adding additional subunits to form the conductlve
oligomer,; 3) adding at least a first nucleoside to the conductive oligomer; 4) adding additional
nucleosides to the first nucleoside to form a nucleic acid; 5) attaching the conductive oligomer to the
gold electrode. This may also be done in the absence of nucleosides. '

The above methods may also be used to attach msulator molecules to a gold electrode and moieties

' _compnsmg capture bmdlng hgands c

ina preferred embodiment, a monolayer comprising conductlve ollgomers (and preferably msulators)
is added to the electrode Generally. the chemistry of addition is similar to or the same as the addition
of conductive oligomers to the electrode, i.¢. using a sulfur atom for attachment to a gold electrode,
etc. Compositions comprising monolayers in addition to the conductive oligomers covalently attached
to nucleic acids may be made in at least one of ﬁye ways: (1) addition of the monolayer, followed by
subsequent addition of the attachment linker-nucleic acid complex; (2) addition of theattachment
linker-nucleic acid complex followed by addition of the monolayer; (3) simultaneous addition of the

monolayer and attachment linker-nucleic acid complex. {4) format;on of a monolayer (usmg any of‘l 2

or 3) which includes attachment linkers which terminate i in a functional molety suitable for attachment .
of a completed nucleic acid; or (5) formation of a monolayer which includes attachment linkers which
terminate in a functlonal moiety suitable for nucleic acid synthesns. ie. the nucleic acid is synthesized

- on the surface of the monolayer as is known in the art. 8uch suitable functlonal moieties include, but
- are not limited to, nucleosides, amino groups, carboxyl groups protected sulfur moieties, or hydroxyl

groups for phosphoramidite addmons The examples describe the formatlon ofa monolayer on a gold
electrode using the preferred method (1)
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In a preferred embodiment, the nucleic acid is & pé;}'ﬁaéhhcnéic‘ acid or analog. In this embodiment,
the invention provides peptide nucleic acids with at least one'covalently attached ETM or attachment
linker. Ina preferred embodiment, these moieties are covatentty attached to an monomeric subunit of
the PNA. By “monomeric subunit of PNA® herein is meant the -NH-CH,CH,-N(COCH,-Base)-CH,-CO-
monomer, or derivatives (herein included within the definition of “nucleoside”) of PNA. For example,
the number of carbon atoms in the PNA backbone may be altered; see generally Nielsen et al., Chem.

"~ Soc. Rev. 1997 page 73, which discloses a number of PNA denvatlves herein expreesly incorporated

by reference Slmvlarly the amide bond linking the base to the backbone may be altered;

: phosphoramlde and sulfuramide bonds may be used. Altemat:vely the monetles are attached to an
‘intemnal monomeric subunit. By “intemal’ herem is meant that the monomeric subunit i is not either the

_ N-terminal monomeric subunit or the C-terminat monomeric subunit. In this embodiment, the moieties

can be attached either to a base or to the backbone of the monomeric subunit.  Attachment to the
base is done as outlined herein or known in the literature. In general, the moieties are added to a

- base which is then incorporated into 2 PNA as outlined herein. The base may be either protected as

requnred for mcorporatlon into the PNA synthetic reactlon or derivatized, to allow mcorporat:on either
prior to the addmon of the chemlcal substituent or afterwards. Protection and derivatization of the -

" bases is shown in the Figures. The bases can then be incorporated into monomeric subunits; the

figures depict two Ad'ifferent chemical substituents, an ETM and a conductive oligomer, attached at a
base. ' '

In a preferred embodiment, the moieties are covalently attached to the backbone of the PNA A
monorher The attachment is generallyto one of the unsubstituted carbon atoms of the monomeric
subunit, preferably the ax-carbon of the backbone asis deplcted in the Figures, although attachment at
elther of the carbon 1 or 2 posmons or the a-carbon of the amide bond linking the base to the
backbone may be done. In the case of PNA analogs ‘other carbons or atoms may be substituted as

. :well In a preferred embodlment, mmetles are added at the a-carbon atoms, either to a terminal )
' mor%menc subunit or an internal one. _ ’

In this embodument. a modlﬁed monomeric subunit is synthesuzed with an ETM oran attachment
tinker, ora functlonal group for its attachment, and then the base is added and the modified monomer

. can.be tncorporated mto a growing PNA chain. The figures depict the synthesis of a conductive

ohgomer covalently attached to the backbone of a PNA monomeric subunit, and the synthesrs ofa:
femocene attached to the backbone of a monomeric subuan

Once_-generated. the monomeric subunits with covalently attached moieties are incorpcrated intoa - .
PNA using the techniques outlined in Will et al., Tetrahedron 51(44):12069-12082 (1995), and
Vanderlaan et al., Tett. Let 38:2249-2252 (1997), both of which are hereby expressly incorporated in '
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their entirety. These procedures allow the addition of chemical substituents to peptide nucleic acids
without destroying the chemical substituents.

_As wrll be apprecrated by those in the art, electrodes may be made that have any oombmatron of.

nuclerc acids, conductlve olrgomers and insulators.

The compositions of the invention may additionally. oentain one or more labels at'any position. By
“label” herein is meant an element (e.g. an isotope) or chemical compound that is attachect to enable
the detection of the compound. Preferred labels are radioactive isotopic labels, and colored or
fluorescent dyes. The labels may be incorporated into the compound at any position. In addition, the
compositions of the invention may also contain‘other moieties such as cross-linking agents to -fa‘cilitate

cross-finking of the target-probe complex. See for example Lukhtanov et al., Nucl. Acids. Res. .
‘ 24(4):683 (1996) and Tabone et al., Biochem. 33:375 (1994), both.of which are expressly mcorporated '

by reference.

Once made, the compositions find use in a number of applications, as described herein. In particular, -
the compositions of the invention find use in target analyte assays. As will be appreciated by those in
the art, electrodes can be made that have a single species of binding llgands such as nucleic acid, i.e.

a smgle binding ligand, or multiple binding ligand species.

in addttion as outlined herein, the use of a solid support such as an electrode enables the use of
these probes in an array form. The use of oligonucleotide arrays are well known in the art, and the

.methods and composmons herem allow the use of array formats for other target analytes as we!l In

addition, techniques are known for "addressing” locations within an electrode and for the surface '
modification of electrodes. Thus in a preferred embodiment, arrays of different binding Irgands are .
laid down on the electrode each of which are eovalently attached to the electrode vra a conductrve »
llnker. In this embodlment, the number of dlfferent species may vary widely, from one to thousands
wuth from about 4 to about 100,000 belng preferred and from about 10 to about 10, 000 berng
parttcularly preferred ' '

The mventlon ﬁnds use in the screenlng of candidate broactrve agents for therapeutic agents that wn
alter the binding of the analyte to the bmdmg hgand and thus may be rnvoived in blologml function.
The term agent" or exogeneous oompound" as used herein describes any molecule, e.g., protein,
oligopephde, small organic molecule potysaochande polynucleotide, etc., with the capability of '
directly or indirectly altering target analyte binding. Generally a plurality of assay mixtures are run in .

’parallel with different agent concentrations to obtain a differential response to the vanous
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concentrations. ‘lypiwlly, one of these concentrations serves 'as- a negathl.econlrol“. l.e., atzero
_concentration or below the leve! of detection. e :

Canchdate agents encompass numerous chemlcal classes though typlcally they are orgamc
molecules preferably small organic compounds havmg a molecular weight of more than 100 and less
than about 2,500 daltons. Candidate agents comprise funct:onal groups necessary for structural
interaction with proteins, particularly hydmgen bonding, and typically include at least an amine,
carbonyl, hydroxy! or carboxyl group, preferably at least two of the functional chemical groups. The

, candidate agents oﬂen comprise cyclical carbon or heterocyclic structures and/or aromatic or

» polyaromatic structures substituted with one or more of the above functional groups. Candidate
agents are also found among biomolecules including peptldes saccharides, fatty acids, steroids,

~ purines, pynmldmes denvattves structural analogs or oombmatlons thereof Particularly preferred are

peptides.

Candidate agents are obtained from a wide variety of sources including libraries of synthetic or natural
compounds. For eXample.' numercus means are available for random and directed synthesisofa = -
wide yariety .of_ organic compounds and biomolecules, includlng expression of randomized )
oligonucleolides. Alternatively, libraries of natural compounds in the form of bacterial,' fungal, plant :
and animal extracts are available or readlly produced Additlonally' natural or synthetically produced
libraries a and compounds are readlly modified through conventronal chemical, physical and biochemical
means. Known phamlaoologlcal agents may-be subjecled to dlrected or random chemical
modifications, such as acylation, alkylahon, esterification, amndrﬁcahon to produce structural analogs.

Candidate agentsv may be added either before or after the target analyte.

Once the assay complexes of the invention are made, that rnlnlmally comprise a target sequence and
» 'a label probe detection pmoeeds with electronic initiation. Without belng limited by the mechamsm or

T theory detection is based on the transfer of electrons from the ETM to the- electrode.

Deteclion of elecl:ron transfer, i.e. the presence of the ETMs, is generally initiated electronically, with
vbltage being preferred. A 'potential is applied to the assay complex. Precise contro! and variations in
the applled potential can be viaa potenhosmt and either a three electrode system (one reference, one
sample (or worklng) and one oounter electrode) oratwo electrode syslem (one sample and one"
counter electrode). This allows matchmg of applied polentlal to peak potenhal of the system which
depends in part on the choice of ETMs and in part on the conductive oligomer used, the composition .

and integrity of the monolayer, and what type of reference electrode is used. As descnbed herein,
ferrocene is a preferred ETM.
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Ina preferred embodiment, a co-reductant or co-oxidant tcollecttvely. oo{redoxant) is used, as an
additional electron source or sink.” See generally Sato et al., Bull. Chem. Soc. Jpn 66:1032 (1993); -
Uosaki et al., Electrochimica Acta 36:1799 (1991); and Alleman et al., J. Phys. Chem 100‘:170'50_
(1996); all of which are incorporated by reference. - :

In a preferred embodiment, an input electron source in.solution is used in the initiation of electron
transfer, preferably when initiation and detection are being done using DC current or at AC -
frequencres where diffusion is not Ilmmng In general, as will be apprecrated by those i inthe art
preferred embodiments utifize monolayers that contam a minimum of “holes’”, such that short-crrcurtmg
of the system is avorde_d. This may be done in several general ways. In a preferred embodlment, an
input electron source is used that has a lower or similar redox potential than the ETM of the label
probe. Thus; at voltages above the redox potential of the input electron source, both the ETM and the
input electron source are oxidized and can thus donate electrons; the ETM donates-an electron to the .
electrode and the input source donates to the ETM. For example, ferrocene asa ETM attached to the
composmons of the invention as described in the examples, has a redox potential of roughly 200 mV in .

v aqueous solutron (which can change significantly depending on what the ferrocene is bound to, the
- manner of the hnkage and the presence of any substrtutlon groups). Ferrocyanide, an electron

source, has a redox potential of roughly 200 mV as well (in aqueous solutron) Aocordmgty, ator - -
above voltages of roughly 200 mV, ferrocene is converted to ferricenium, whlch then transfers an -
electron to the electrode Now the femcyamde can be oxidized to transfer an electron to the ETM. In
this way, the electron source (or co-reductant) serves to amplify the signal generated in the system, as
the electron source molecules rapidly and repeatedly donate electrons to the ETM attached to the A
nucleic acrd The rate of electron donation or acceptance will be limited by the rate of drffusron of the
co-reductant, the electron transfer between the co-reductant and the ETM, which i in turn is affected by
the concentration and size, etc

Attematrvely mput electron sources that have Iower redox potentrals than the ETM are used At

.voltages less than the redox potential of the ETM, but higher than the redox potential of the etectron

source, the input source such as femocyanrde is unable to be oxided and thus is unable to donate an.

. electron to the ETM; i.e. no electron transfer occurs. Onoe ferrocene is oxidized, then thereis a

pathway for electron transfer.

'In an altemate preferred embodiment, an input electron source is used that has a higher redox

potential than the ETM of the label probe. For example, lummol an electron source; has a redox
potential of roughly 720 mV. At voitages higher than the redox potential of the ETM, but lower than the-
redox potential of the electron source, i.e. 200 720 mV, the ferrocene is oxrded and transfers a

single electron to the electrode via the conductive oligomer. However the ETM is unable to accept
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any electrons from the lumlnol electron source since the voltages are less than the redox potentlal of
the lummol However ‘at or above the redox potentxal of lummol the luminol then transfers an
electron to the ETM, allowing rapid and repeated electron transfer. In this way, the electron source (or
. »’co-reductant) serves to ampllfy the srgnal generated in the system as the electron source molecules

A' rapndly and repeatedly donate electrons to the ETM of the label probe. '

Luminol has the added beneﬁt of becoming a chemiluminiscent species upon oxidation (see Jirka et
fal., Analytica Chimica Acta 284:345 (1993)), thus allowing photo-detection of electron transfer from'the -
ETM to the electrode. Thus, as long as the luminol is unable to contact the electrode directly, i.e.in
the presence of the SAM such that there is no efficient electron transfer pathway to the electrode,
luminol can only be oxidized by transfemng an electron to the ETM on the label probe. When the ETM
is not present, i.e. ‘when the target sequence is not hybridized to the composition of the lnvenhon
luminol is not significantly oxidized, resultlng in a low photon emission and thus a low (if any) signal
from the luminol.- In the presence of the target, a much larger signal is generated. Thus, the measure
of luminol oxidation by photon emission is an indirect measurement of the ability of the ETM to donate
electrons to the electrode. Furthermore, since photon detection is generally more sensitive than
electronic detectlon the sensitivity of the system may be mcreased Initial results suggest that ‘
lummescenoe may depend on hydrogen peroxide concentration, pH and lumlnol ooncentratxon the
latter of whrch appears to be non-linear.

‘ 'ASultabIe electron source molecules are well known in the art. and mclude but are not Ilmrted to,
femcyamde and luminol.

Alternatively, output electron acceptors or sinks could be used, i.e. the above reactions could be run in
reverse, with the ETM such as a metallooene receiving an electron from the elecirode, converting it to
" the metalllcenlum with the output electron acceptor then accepting the electron rapldly and
' repeatedly. In this embodlment. oobaltloenlum is the preferred ETM. ’

The presenoe of the El’Ms at the surface of the monolayer can be detected ina vanety of ways A
variety of detection methods may be used mcludmg. but not limited to, optical detec’aon (as a result of
spectral changes upon changes in redox states), which includes fluorescence, phosphorescence;
luminiscence, chemllumlnesoenoe. elewochemllummesoence, and refractive index; and electronic _
"detection, including, but not fimited to, amperommetry, voltammetry, capacitance andiimpe'de"noe. '
These methods include time or frequency dependent methods based on AC or DC currents, pulsed

methods lock-in techniques, filtering (hrgh pass, low pass, band pass), and time-resolved technlques
lncludmg time-resolved fluoroscence.
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In one embodtment, the efficient transfer of electrons from the ETM to the electrode resuits in -
stereotyped changes in the redox state of the ETM. With many ETMs tncludmg the complexes of
ruthenium contammg bipyridine, pyndme and imidazole rings, these changes in redox state are
associated with changes in spectral properties. Significant differences in absorbanca are observed

_ between reduced and oxidized states for these molecules. See for example Fabbnzzr etal,, Chem.

Soc. Rev. 1995 pp197-202). These differences can be monitored using a spectrophotometer or
simple photomultlplrer tube device. :

In this embodrment, possrble electron donors and acceptors include all the derivatives listed above for

v photoachvatron or initiation. Preferred electron donors and aoceptors have characterlstlwlly large’
. spectral changes upon oxidation and reduction resulting in hrghty sensitive monltoring of electron.

transfer. Such examples include Ru(NH;,).,py and Ru(bpy),im as preferred examples. It should be

- understood that only the donor or acceptor that is being monitored by absorbance need have ideal
~ spectral characteristics.

In a preferred embodiment, the electron transfer is detected fluorometrically. Numerous transition ~
metal complexes including those of ruthenium, have distinct fluorescence properhes Therefore the
change in redox state of the electron donors and electron acceptors attached to the nucleic acid can
be monitored very sensitively using ﬂuorescence for example with Ru(4, 7-btphenylz-phenanthrolme)

- The production of this compound can be easily measured using standard fluorescence assay
techruques For example laser induced fluorescence can be recorded i ina standard srngle cell’
fluorimeter, a flow through “on-line” ﬂuonmeter (such as those attached to a chromatography system)
ora multl-sample plate-reader" similar to those marketed for 96-well immuno assays.

_ Altemattvely, ﬂuorescence can be measured using fiber optic sensors with nucleic acid probes in
' vsolutron or attached to the ﬁber optlc Fluorescence is monitored using a photomultrplter tube or other’

light detection mstrument attached to the fiber optrc The advantage of thls system lS the extremely
srall volumes of sample that can be assayed

In addltron sscanning fluorescence detectors. such as the Fluorlmager sold by Molecular Dynamics are

' ideally suited to monitoring the fluorescence of modified nucleic acid molecules arrayed on solld

surfaces. The advantage of this systemiis the large number of electron ttansfer probes that canbe .
swnned at once usnng chips covered with thousands of dlstnnct nucletc actd probes

Many tlansmon metal complexes dlsplay ﬂuoresoence with large Stokes shifts. Surtable examples
include bis- and trisphenanthroline oomplexes and bis- and tnsb_npyndyl complexes: of transition metals

such as ruthenium (see J_uns. A., Balzani, V., et. al. Coord. Chem. Rev., V. 84, p. 85-277, 1988).
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Preferred examples dlsplay efﬁcrent ﬂuorescence (reasonably high quantum ylelds) as well as low '
reorgamzatxon energies. Theseé include Ru{4, 7-b|phenyl2-phenanthrohne) » Ru(4,4'-diphenyl-2,2-
bipyridine),?* and platinum complexes (see Cummings et al., J. Am. Chem. Soc. 118:1949-1960 -
(1996), incorporated by reference). Altematively, a reduction in ﬂuoresoence associated with
hybridization can be measured using these systems. ’ '

In 5 further embodiment, electrocnemiluminescence is used as the basis of the electron transfer -
detection. With some ETMs such as Ru®(bpy),, direct luminescence accompanies excited state’
decay. Changes in this property are associated with nucleic acid hybridization and can be monitored
with a simple photomultiplier tube arrangement (see Blackbum, G. F. Clin. Chem. 37. 1534-1539
(1991); and Juris et al., supra. - '

Ina preferred ernbodiment, electronic detection is used, including arnperommetry, voltemrnetry,
capacita'nce, and impedence. Suitable techniques include, but are not limited to, electrogravimetry;
coulometry (including controlled potential coulometry and constant current coulometry); voltametry
{cyclic volt'ametry. pulse voltametry (normal pulse voltametry, square wave \)oltametry differential )

~pulse voltametry, Osteryoung square wave voltametry, and coulostahc pulse techmques) stnppmg )

analysis (amodtc stnpplng analysis, cathrodrc stnppmg analysis, square wave stripping vottammetry)
conductance measurements (electrolytic conductance direct analysis), time-dependent
electrochemical analyses (chronoamperometry chronopotenhometry cyclic chronopotenttometry and

.amperometry, AC polography, chronogalvametry and chronocoulometry); AC tmpedance
measurement; capacitance measurement; AC vottametry and photoelectrochemtstry

_ _In a preferred embodiment, monitoring electron transfer is via amperornetn'c detection. This method of

detection involves applying a potential (as compared to a separate reference electrode) between the
nucleic acid-conjugated efectrode and a reference (counter) electrode in the sample containing target
genes of interest. Electron transfer of differing efficiencies is induced in samples in the presence or
absence of target nucleic acid; that is, the presence or absence of the target nucleic acnd and thus the
tabel pnobe, can result in different currents. :

The devnce for measunng electron transfer amperometnwlly involves sensitive current detectton and .

" includes a means of controllmg the voltage potentlal usually a potentlostat. This voltage is optimized -

with reference to the potential of the electron donating complex on the label probe. Possmle electron -
dona’ung complexes include those previously mentioned with complexes of iron, osmium, platinum;
cobalt, rhenium and ruthenium being preferred and complexes of iron being most preferred.
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In a preferred embodiment, alternative. electron detectron modes are utilized. For example

potentrometnc (or voltammetric) measurements involve non-faradaic (no net current flow) processes

‘and are utilized tradrtronally in pH and other ion deétectors. Similar sensors are used to momtor

electron transfer between the ETM and the electrode In addrhon other properties of insulators (such
as resrstance) ‘and of conductors (such as conductrvrty impedance and capicitance) could be used to

. monitor electron transfer between ETM and the electrode. Fmally any system that generates a

current (such as electron transfer) also generates a small magpnetic field, which may be momtored in

some embodiments.

_It should be understood that one benefit of the fast rates of electron transfer observed in the
’ compositions of the invention is that time resolutlon can greatly enhance the srgnal-to—norse results of
monitors based on absorbance ﬂuorescence and electronic current. The fast rates of electron

transfer of the present invention result both in high signals and stereotyped delays between:electron -

transfer initiation and completion. By amplifying signals of particular delays, such as through the use

of pulsed initiation of electron transfer and "lock-in" amplifiers of detection, and Founer transforms

Ina preferred embodrment electron transfer is mrtrated using altemating current (AC) methods. -
Wrthout berng bound by theory, it appears that ETMs ‘bound to an electrode, generally respond
srmrlarly to an AC voltage across a crrcurt contarnmg resrstors and capacrtors Basically, any methods
whrch enable the determrnatlon of the nature of these complexes which act as a resistor and -

capacrtor can be used as the basis of detection. Surpnsrngly tradmonal electrochemical theory, such
as exemplified in Laviron et al J. Electroanal Chem. 97: 135 (1979) and Laviron et al., J. Electroanal.

‘Chem. 105:35 (1979), both of which are incorporated by reference, do not accurately model the

systems described herein, except for very small E, (less than 10 mV) and relatively large numbers of
molecules. That s, the AC current (1) is not accurately described by Laviron’s equation This may be
due i in part to the fact that this theory assumes an unllmrted source and srnk of electrons which is not -

: 'true in the present systems.

Acoordzngly. alternate equations were developed, usmg the Nemst equatron and ﬁrst pnncrples to
develop a model which more closely simulates the results. This was denved as follows The Nemst -
equation, Equatron 1 below, describes the ratio of oxidized (O) to reduced- (R) molecules (number of
molecules = n) at any given voltage and temperature, since not every molecule gets oxrdrzed at the

same oxidation potentral

LRT 101
[R]

nF

E Equation 1

. 78.

(1)



10 .

15

20

25

30

WO 99/57317 : © PCT/US99/10104

EDC is the electrode potentlal E,i is the formal polent‘lal of the metal complex Ris the gas constant T
" isthe temperature in degrees Kelvm n is the number of electrons transferred, F i is faraday's oonstant,

[O] is the concentration of oxidized molecules and [R}is the concentration of reduced molecules.

The Nernst equation can be rearranged as shown in Equations 2 and 3:
Equation 2

o1

Ege-Ep=2s tn (2)
[R]

DC Co
nF .

" Epe is the DC component of the potential.

Equation 3

oF T ' .

~— (Bpe - By -

expfT @ _ [0] S (3)
: [R]

Equatnon 3 can be rearranged as follows using normalization of the concentratxon to equal 1 for

simplicity, as shown in Equatlons 4,5 and 6. This requures the subsequent multlpllcatlon by the total
number of molecules

Equation4 [O]+[R]=1
Equation5 [O]=1- R}
Equation6 [R]=1- [O]

Plugglng Equatlon 5 and 6 into Equatlon 3, and the fact that nF/RT equals 38.9 V', for n‘1 gives
Equatrons 7 and 8, whlch define [O] and [R] respectively: : :

Equatron?
. - : 38'9(5-30) . AP B i .
0y s =P )
1 +exp v
Equation 8 |
Ry - —L (5)
1% exp”"m -Ey) e
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’l‘akmg into consideration the generation of-an AC faradanc current, the-ratio of [O]I[R] at any glven
potential must be evaluated Ata parucular Epc with an applied E,, as is generally descn“bed herein, -

~ atthe apex of the Exc more molecules will be in the oxidized state, smce the voltage on the surface’is

now (EDc + Eac); at the bottom, more will be reduced since the voltage is lower. Therefore the AC

. current at a given Epc will be dictated by both the AC and DC voltages as well as the shape of the

Nernstian curve. Specifically, if the number of oxidized molecules at the bottom of the AC cycle is
subtracted from the amount at the top of the AC cycle, the total change in a given AC cycleis
obtained, as is generally described by Equation 9. Dividing by 2 then gives the AC amplitude;

» Equation 9 ' '

iac = (electrons at [E.. + E ]).- (electrons at [Epc = Eag)
2 .

Equation 10 thus describes the AC current which ehould result:
- Equation 10

¢ =CFQ% (O], ., - [OJEM'_B‘C) (6)

As depicted in Equation 11, the total’ AC current will be the number of redox molecules C), tlmes

s faraday’s constant (F), times the AC frequency (w), times 0.5 (to take into account the AC amplltude), -

times the ratios denved above in Equatron 7. The AC voltage is approximated by the average EACZIn

Equation 11
. 3s9rnnc~-;-_.-n,1 . 3s.9:s,,c-'2—5‘-€~é,1
_CoFo  exp -  exp . - Fo ‘
\C ( ) - P (7)._.
2 389113,,,_.'-—-3,1 AR 389 [Bpe - —2E =g
1 + exp * 1 + exp ®

Using Equation 11, simulations were generated using increasing overootential(AC voltage). Figure
22A shows one of these simulations, while Figure 22B depicts a simulation based on traditional theory.
F-"gures 23A and 23B depicts actual experimental data using the Fc-wire of Example 7 plotled with the
simulation, and shows that the model fits the expenmental data very well. in some cases the current
is smaller than predicted, however this has been shown to be caused by ferrocene degradation which
may be remedied i in a number of ways. However Equat:on 11 does not incorporate the effect of
electron transfer rate nor of instrument factors. Electron transfer rate is important when the rate i is ‘

close to or lower than the applied frequency Thus, the true i, should be a functxon of all three, as
deplcted in Equation 12..
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- A . Equaﬁon 12 4 .
" iac = f(Nemst faetors)f(ke',)f(instrument factors)

These equations can be used to model and predrct the expected AC currents in systems Wthh use a
input signals comprising both AC and DC components. As outlined above, tradrtlonal theory )
surprisingly does not model these systems at all, except for very low voltages. ‘

" in general non-specrﬁcally bound label probeleTMs show drﬁerences in |mpedanoe (i.e. higher
rmpedances) than when the label probes contammg the ETMs are specrﬁcally bound in the correct-

onentatron In a preferred embodiment, the non-specnﬁcally bound material is washed away, resultlng
inan effecbve |mpedance of infinity. Thus AC detection gives several advantages as is generally -
discussed below, including an increase ln sensitivity, and the ability to *filter out” background noise. In
particular, changes in impedance (including, for example, bulk impedance) as between non-specific
binding of ETM-containing probes and target-specific assay complex formation may be monitored.

' Accordingly, when usmg AC rnrtlatlon and detection methods, the frequency | response of the system

changes as a result of the presence of the ETM. By *frequency response” herein is meant a
modification of signals as a result of electron transfer between the electrode and the ETM. Thrs
modification is drfferent dependlng on signal frequency. A frequency response rncludes AC currents at
one or more frequencres phase shifts, DC offset voltages faradarc |mpedance etc

Once the assay complex including the target sequenee‘ and labet probe is made, a first input electrical

. signal is then applied to the system preferably via at least the samp!e electrode (containing the .

complexes of the rnventlon) and the counter electrode, to initiate electron transfer between the °

‘electrode and the ETM. Three electrode systems may also be used with the voltage applred to the -~

reference and workrng electrodes. The ﬁrst lnput signal comprises at leastan AC oomponent The AC

A .component may be of variable arnphtude and frequency. Generally, for use in the present: methods,

the AC amplitude ranges from about 1 mV to about 1.1 V, with from about 10 mV to about 800 mv.
being preferred, and from about 10 mV to about 500 mV being especially preferred The AC

frequency ranges from about 0.01 Hz to about 160 MHz, with from about 10 Hz to about 10 MHz being :
preferred and from about 100 Hz to about 20 MHz bemg especlally prefen'ed

The use of combinations of AC and DC signals grves a vanety of advantages mctudmg surpnsrng
sensrtrvrty and signal maxlmrzatlon.

ln a preferred embodrment. the ﬁrst input srgnal comprises a DC oomponent and an AC component.
Thatis, a DC offset vottage between the sample and counter electrodes is swept through the

81



10

15

20

25

30

35

_wo 99/57317 . pcr/us99/10104

electrochemlcal potential of the ETM (for examiple, when ferrooene is used the sweep is generally

o from 0 to 500 mV) (or altematively, the working electrode is grounded and the reference electrode_ is

swept from Y to -500 mV). The sweep is used to |dentsfy the DC voitage at which the maximum

' response of the system is seen. Thls is generally at or about the electrochemical potential of the ETM.

Once this voltage is determined, either a sweep or one or more uniform DC offset voltages may be -

used. DC offset voltages of from about -1 V to about +1.1 V are preferred, with from about -500 mV to

about +800 mV being especially preferred, and from about -300 mV to about 500 mV being particularly
preferred. in a preferred embodiment, the DC offset yoltage is not zero. On top of the DC offset
voltage, an AC signal componhent of variable amplitude and frequency is applied. Ifthe ETMis
present, and cah respond to the AC perturbation, an AC current will be produced due to electron
transfer between the electrode and the ETM.

For defined systems, it may be sufﬁcient to apply a single input signal to dif_ferentiete between the
presence and absence of the ETM (i.e. the presence of the target sequence) nucleic acid.

B Alternatlvely, a plurality of input signals are applied. As outlined herein, thls may take a van'ety of . -

forms including using multiple frequencies, muiltiple DC offset voltages, or multlple AC amplntudes or -
oomblnahons of any or ali of these.

' Thus in a preferred embodiment, multiple DC offset voltages are used, although as outlined above

DC voltage sweeps are preferred ‘This may be done ata single frequency, or at two or more’
frequencnes ‘

In a preferred embodiment. the AC amplitude is varied. Without being bound by theory, it appears that
increasing the amplitude increaSes the driving fo'rce “ Thus, higher amplitudes, which result in higher-
overpotentials glve faster rates of electron transfer. Thus, generally, the same system gwes ‘an
improved response (l e. higher output signals) at any single frequency through the use of hlgher
overpotentlals at that frequency. Thus, the amplitude may be increased at high frequencies to ‘
incréase the rate of electron transfer through the system, resulting in greater sensrtivrty In addition,
thls may be used, for example, to induce responses in slower systems such as those that do not

: possess optlmal spacrng oonﬁguratlons

‘Ina preferred embodiment, measurements of the system are tal<en atat kast two 'separate am‘plitudes

or overpotentials. with measurements at a plurality of amplitudes being preferred. As noted above,
changes in response as a result of changes in amplitude may form the basis of identification,
calibration and quantification of the system. In addition, one or more AC frequencies can be used as .
well. o '
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Ina preferred embodrment, the AC frequency is varied. At different frequencres different molecules
‘respond in different ways. As will be apprecrated by those in the art, increasing the frequency .- ;

generally |ncreases the output current. However, when the frequency is greater than the rate at whrch

. electrons may travel between the electrode and the ETM, htgher frequencies result in a loss or
" decrease of output srgnal At some pornt the frequency will be greater than the rate of electron
“transfer between the ETM and the electrode, and then the output signal will also drop .

In one embodiment, detection utilizes a single measurement of output signal at a single frequency.
That is, the frequency response of the system in the absence of target sequence, and thus the '

~ absence of label probe containing ETMs, can be previously determined to be very low at a particular
"high frequency. Using this information, any response at a particular frequency, wrll show the presence

of the assay complex. Thatis, any response ata partrcular frequency is characteristic of the assay
complex. Thus, it may only be necessary to use a single input high frequency, and any changes in
frequency response is an indication that the ETM is present, and thus that the target sequence is
present. ' o '

In addrtlon the use of AC techmques allows the srgmﬁcant reduction of background srgnals at any

'Asmgle frequency due to entities other than the ET Ms, i.e. “loclong out” or “filtering” unwanted signals.

Thatis, the frequency response ofa charge carrier or redox active molecule in solutton will be fimited
by its dnffuslon coefficient and charge transfer ooefﬁcient. Accordmgly. at hxgh frequencres a charge

- carrier may not diffuse rapidly enough 1 to transfer its charge to the electrode, and/or the charge transfer

kinetics may not be fast enough. This is particularly srgnrﬁcant in embodiments that do not have good
monolayers i.e. have partial or insufficient monolayers, i.e. where the solvent is aocessrble to the

'electrode As outlined above in DC techniques, the presence of *holes” where the electrode is
“accessible to the solvent can result in solvent charge carriers."short clrcurtmg the system i.e. the
R 'reach the electrode and generate background signal. However, using the present AC techmques one
' Coor more frequencnes can be chosen that prevent a frequency response of one or more charge carriers
‘in solutron whether or nota monolayer is present. This is particularly significant smce many biological
" fluids such as blood contain significant amounts of redox active molecules which can interfere with

amperometric detection methods.

.-In a preferred embodiment, measurements of the system are taken at at least two separate

frequencies, with measurements-at a plurality. of frequencies being prefened -A plurahty of ’
frequencres includes a scan. For example measuring the output signal, e. g. the AC cument. at alow
input frequency such as 1 - 20 Hz, and comparing the response to the output signal at high frequency.
such as 10 - 100 kHz will show a frequency response difference between the presence and absence
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‘of the ETM. ln a preferred embodlment, the frequency response is determmed at at least two

preferably at least about five, and more preferably at least about ten frequencres

After transmitting the input signalto initiate electron transfer, an output signal is received or detected.

" The presence and magnitude of the output signal will depend on a number of factors, including the

overpotential/amplitude of the input signal; the frequency of the input AC srgnal the composition of the

_mtervemng medium; the DC offset; the environment of the system; the nature of the ETM; the solvent,

and the type and concentration of salt. Ata given input signal, the presence and magnitude of the

output srgnal will depend in general on the presence or absence of the ETM, the placement and

distance of the ETM from the surface of the monolayer and the character of the input signal. in some

~.embodiments, it may be possible to distinguish between non-specific binding of label probes and the
formation of target specific assay complexes containing label probes, on the basis of impedance.

“Ina preferred embodiment, the output signal comprises an AC current. As outlined abot'e the
" magnitude of the output current will depend on a number of parameters By varying these parameters,
o 'the system may be optimized in a number of ways.

“In general AC currents generated in the present invention range from about 1 femptoamp to about 1
- milliamp, with currents from about 50 femptoamps to about 100 microamps being preferred, and from

about 1 picoamp to about 1 microamp being especially preferred. -

Ina preferred embodlment the output srgnal is phase shifted in the AC component relatlve to the lnput

srgnal Without being bound by theory. it appears that the systems:of the present mventron may be
sutﬁcrently uniform to allow phase-shlﬂlng based detection. Thatis, the complex biomolecules of the

' rnventron through which electron.transfer occurs react tothe AC inputin a homogeneous manner,

similar to standard electronic components, such that: a phase shrft can be determined. This may serve

~as the basis of detection between the presence and absence of the: ETM and/or drfferences between

the presence of target-specrﬁc assay complexes compnsmg label probes and non-spectﬁc brndmg of

“the label probes to the system oomponents

- The output srgnal is charactenstlc of the presence of the ETM; that is, the output srgnal is

- characteristic of the presence of the target-specific assay complex comprising label probes and ETMs

“Ina preferred embodiment, the basis of the detection Is a difference in the faradaic impedance of the -
_.system as aresult of the formatlon of the assay complex. Faradaic rmpedance is the impedance of

" the system between the electrode and the ETM. Faradaic impedance is quite different from the bulk .
or drelectnc rmpedanoe whtch is the impedance of the bulk solution between the electrodes. Many

factors may change the faradaic impedance which may not effect the bulk impedance, and vice versa.
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“Thus, the assay complexes comprising the nucleic acids in thls system have a certam faradaxc

impedance, that will depend on the distance between the ETM and the e!ectrode therr electromc

. properties, and the composition of the intervening mediuim, among other things. Of lmportance in the

methods of the invention is that the faradaic impedance between the ETM and the electrode is
srgnf cantly different depending on whether the label probes containing the ETMs are specnﬁwlly or

non-specifically bound to the electrode

" Accordingly, the'present invention further provides apparatus for the detection of nucleic acids using

AC detection methods. The apparatus includes a test chamber which has at least a first measuring or
sample electrode, and a second measuring or counter electnode. Three electrode systems are also
useful. The first and second measuring electrodes are in contact with a test sample receiving region,
such that in the presence of a liquid test sample, the two electrodes may be in electrical contact. '

Ina preferred embodiment, the first measuring electrode comprises a singte stranded nucleic acid-
capture probe covalently attached via an attachment linker, and a monolayer compnslng conductive
oligomers, such as are described herein. ’

“The apparatus”further comprises an AC voltage source electrically connected to the test chamber; that
. is, tothe measunng electrodes. Preferably the AC voltage source is capable of dellvenng DC offset

voltage as well.

Ina Wéferred embodiment, the apbaratus further oomprises a processor capable of oomparing the
input signal and the output signal. The processor is coupled to the electrodes and configured to -
receive an output signal, and thus detect the presence of the target nucleic acid.

. Thus, the composrtrons of the present mventron may be usedina vanety of research clinical, qualrty

oontrol or field testing settmgs

Ina preferred embodiment, the probes are used in genetic diagnosis. For example, probes can be
made using the techniques disclosed herein to detect targe_t sequences such as the genefor -
nonpolyposis colon cancer, the BRCA1 breast cancer gene, P53, which is a gene associated witha
variety of cancers the Apo E4 gene that indicates a greater risk of Aizheimer's disease, allowrng for
easy presymptomatlc scneemng of patients, mutations in the cystic fibrosis gene or any of the others
well known intheart. .~ L

In an additional embodiment, viral and bacterial detection is done using the complexes of the ]
invention. In this embodiment, probes are designed to detect target sequences from a variety of -
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bacteria and viruses. For example, current blood- -screening techniques rely on the detection of anti-
HIV antibodies. The methods disclosed herein allow for direct screemng of clinical samples to detect
HIV nucleic acid sequences. particularly hlghly conserved HIV sequences In addition, this allows - .
direct monitoring of clrculatmg virus within a patient as an improved method of assessing the efficacy
of antr-vrral therapies. Srmrlarly. viruses associated with leukemia, HTLV-I and HTLV-lI, may be
detected in this way. Bacterial infections such as tuberculosrs clymidia and other sexually transmitted
drseases may also be detected '

ln a preferred embodrment, the nucleic acids of the invention ﬁnd use as probes for toxic bactena in
the screemng of water and food samples. For example, samples may be treated to lyse the bacteria

to release its nucleic acid, and then probes designed to recognrze bacterial strains, mcludrng, but not
limited to, such pathogemc strains as, Salmonella Campylobacter, Vibrio cholerae, Leishmania; ,
enterotoxic strains of E. coli, and Legionnaire's disease bacteria. Similarly, bioremediation strategies
may be evaluated using the compositions of the invention. - .

In a further embodiment, the probes are used for forensic "DNA ﬁngerprinting" to match crime-scene

DNA against samples taken from victims and suspects. ..

In an additional embodiment, the probes in an array are used for seq'uen_cing by _hybridization. .
Thus, the present invention provides for extremely speciﬁc and sensitive probes which may, in some
embodrments detect target sequences without removal of unhybridized probe. Thls will be useful in

the generation of automated gene probe assays.

Altematlvely the composl'aons of the lnventron are useful to detect successful gene amplrﬁcatron in-

' PCR, thus allowrng successful PCR. reactrons tobe an indmtron of the presence or absence of a

target sequence. PCR may be used in this manner rn several ways. For example in one - R
embodiment, the PCR reaction is done asis known in the art, and then added toa oomposmon of the
invention compnsmg the target nuclerc acid with a ETM, covalentty attached to an electrode via a'
conductive oligomer with subsequent detectson of the target sequence. Altematrvely PCRisdone’
using nucleotides labelled with a ETM, either in the presence of, or with subsequent addition to, an
electrode with a conductive oligomer and a target nuclerc acid. Binding of the PCR product contalnlng '
ETMs to the electrode oomposmon will allow detection via electron transfer. Finally, the nucleic acid
attached to the electrode via a ‘conductive polymer may be one PCR pnmer with addition of a second
primer labelled with an ETM. Elongation results in double stranded nucleic acid with a ETM

and electrode covalently attached. In this way, the present invention is used for PCR detectron of -
target sequences.
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Ina preferred embodlment, the arrays are used for mRNA detectron A preferred embodiment utlllzes

,erther capture probes or capture extender probes that hybridize close to the 3' polyadenylation tail of
. the mRNAs This allows the use of one species of target binding probe for detection i.e. the probe

oontarns apoly-T portlon that will bind to the poly-A tail of the mRNA target. Generally, the probe will
contain a second portron preferably non-poly-T, that will bind to the detection probe (or other probe).
This allows one target-binding probe to be made, and thus decreases the amount of different probe -
synthesis that is done. - o

Ina preferred embodiment, the use of restriction enzymes and lrgatron methods allows the creation of
“‘universal’ arrays. In this embodiment, monolayers comprising capture probes that comprise
restriction endonuclease ends, as is generally depicted i in Figure 39. By utilizing complementary
portions of nucleic acrd while leaving “sticky ends”, an array compnsrng any number of restnctlon )

) e_ndonuclease sites is made. Treatmg a target sample with one or more of these restriction

endonucleas_es allows the targets to bind to the array. This can be done without knowing the :

sequence of the target. The target sequences can be ligated, as desired, using standard methods
) such as figases, and the target sequence detected, usrng either standard labels or the methods of the
: rnventron

The'present invention provides methods which can result in sensitive detection of nucleicacids. Ina

 preferred embodiment, less than about 10 X 10° molecules are detected, with less than about 10 X 10°
being preterred less than 10 X 10* being particularly preferred less than about 10 X 10° being

especially preferred, and less than about 10 X 10? being most preferred. As wil be apprecrated by -
those in the art, this assumes a 1:1 correlation between target sequences and reporter molecules; if
more than one reporter molecule (i.e. electron transfer moerty) is used for each target sequence, the

sensitivity wrll go up.

While the fimits of detectron are currently being evaluated based on the published electron transfer :
rate through DNA, which'is roughly 1 X 108 electrons/sec/duplex for an 8 base pair separation (see
Meade etal, Angw. Chem. Eng Ed 34 352 (1995)) and high dnvrng forces, AC frequencres of about
100 kHz should be possible. As the prelrmrnary results’ show, electron transfer through these systems
is qurte efﬁclent, resultrng in nearly 100X 10’ electrons/sec, resulhng in potentral femptoamp sensrtrvrty
for very few molecules : :

" The following examples serve to more fully describe the manner of using the abdve—de'scribed;

invention, as well as to set forth the best modes contemplated for carrying out various aspects of the .
invention. itis understood that these examples in no way serve to limit the true scope of this invention,
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but rather are presented for illustrative purposes. All references cited herem are rncorporated by
reference in their entireity. ’ :

EXAMPLES -
Example 1

Synthesis of nucleoside modified with ferrOcene at the 2' position _ -

The preparation of N6 is descril)ed as sh'owh in Figure 9.

COmpound N1. Ferrocene (20 g. 108 mmol) and 4-bromobutyl chloride (20 g, 108 mmol) were

dissolved in 450 mL dichloromethane followed by the addition of AICI, anhydrous (14.7 g, 11 mmol)
The reaction mixture was_ strrred at room temperature for 1 hour and 40 minutes, then was quenched
by addition of 600 mL ice. The organic layer was separated and was washed with water until the
aqueous layer was close to neutral (pH = 5). The organic layer was dried with Na, SO, and
concentrated. The crude product was purified by flash chromatography eluting with 50/50
hexaneldrchloromethane and later 30/70 hexaneldrchloromethane on300g srlnca gel to afford 26. 4
gm (73%) of the title product. . o
Compound N2 Compound N1 (6 g, 18 mmol) was dissolved in 120 mL toluene ina round bottom
flask. zinc (35.9 g, 55 mmol), mercuric chlonde (3.3g, 12 mmol) and water (100 mL) were added

sua:essrvely Then HCl solution (12 M, 80 mL) was added dropwise. The reaction mixture was L

stirred at room temperature for 16 hours. The organic layer was separated, and washed with water (2
x 100 mL) and concentrated. Further purification by flash chromatography (hexane) on 270 gm of -
silica gel provrded the desired product as a brown solid (3.34, 8%)

: Compound N3 A mixture of 13.6 gm (51 mmol) of adenosine in 400 mlL dry DMF was cooled ina

ice-water bath for 10 minutes before the addition of 3.0 gm (76 mmol) of NaH (60%) . The reactron
mixture was stirred at 0 °C for one hour before addmon of Compound N2 (164 g, 51 mmol) Then

the temperature was slowly rarsed to 30 °C, and the reaction mixture was kept at this temperature for

4 hours before bemg quenched by 100 mL ice. The solvents were removed in vacuo. The resultant:
gum was dissolved in 300 mL water and 300 mL ethyl acetate. The aqueous layer was extracted
thoroughly (3 x 300 mL ethyl acetate). The combmed organic extracts were concentrated, and the .
crude product was purified by flash chromatography on 270 g silica gel. The column was. eluted with
20%emy| acetateldlchlcromethane 50 % ethyl acetateldrchloromethane 70 % ethyl - ‘
aoetateldrchloromethane ethyl acetate, 1% methanollethyl acetate, 3 % methanol/ethy! acetate and
5 % methanol/ethyl acetate. The concentration of the desired fractions provide the final product (6.5 g.
25%).
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A 'Compound N4 Compound N3 (6 5 g, 12 8 mmol) was drssolved in 150 mL dry pyndrne followed by

adding TMSCI (5.6 g, 51.2 mmol) . The reactron mixture was stirred at room temperature for 1 5
hours. -Then phenoxyacetyl chioride (3.3 g, 19.2 mmol) was added at 0 °C. The reaction was then
stirred at room temperature for.4 hours and ‘was quenched by the addition of 100 mL water at 0 °C.
The solvents were removed under reduced pressure, and the crude gum was further purified by flash
chromatography on 90 g of srlrca gel (1 % methanol/dichloromethane) (2.3 g, 28%)

compound NS..Compound N4 (2.2 g, 3.4 mmol) and DMAP (200 mg, 1.6 mmol) were dissolved in
150 mL dry pyridine, followed by the addition of DMTCI (1.4 g, 4.1 mmol). The reaction was stirred

_ under argon'at room temperature ovemight.. The solvent was removed under reduced pressure and

the resrdue was drssolved in.250 mt dichloromethane.. The organic solution was washed by 5%

'NaHCO:, solution (3 x 250 mL) , dried over Na,S0O,, and concentrated Further punﬁcatron by flash -
_chromatography on 55 g of silica gel (1 % TEA/50% hexane/dichloromethane ) provided the desrred_

product (1.3 g, 41%).

Compound N6.. To a solution of N5 ( 3.30 gm, 3.50 mmol) in 150 mL drchloromethane
Dnsopropylethylamme (4.87 mL, 8.0 eq.) and catalytic amount of DMAP (200 mg) were added The
mrxture was keptat0 °C, and N, N-dnsopropylammo cyanoethyl phosphonamrdrc chlonde (2.34mL,
10.48 mmol) was added. The reaction mixture was warmed up and stirred at room temperature
ovemight After drlutron by adding 150 mL of drchloromethane and 250 mL of 5 % NaHCO; aqueous
solution, the orgamc layer was separated, washed with 5% NaHCO3 (250 mL), dried over Na,SO,,
and concentrated The crude product was punﬁed on a flash column of 66 g of srlrca gel packed with
1% TEA in hexane. The eluting solvents were 1% TEA in hexane (500 mL), 1% TEA and 10% -
dichloromethane in hexane (500 mL), 1% TEA and 20% dichloromethane in hexane (500 mL). 1% .

TEA and 50% drchloromethane in hexane (500 mL). Fractrons contarnmg the desrred products were- -

collected and concentrated to afford the final product (3 gm, 75%)

R - S R Examplez A
- Synthesrs of “Branched' nucleosrde

" The synthe,si_s‘o_'f_ N17 is described as shown in Figure 10.

Synthests of N14 To a soluhon of Tert-butyldrmethylsrly chloride (33 38g,0. 22 mol) in 300 mL of

_ dichloromethane was added rmrdazole (37 69g, 0.55 mol) Immediately, large amount of precxprtate

was formed. 2-Bromoethanol (2768 g, 0 22 mol,.) was added slowly at room temperature. The
_reactzon mrxture was strrred at this temperature for 3 hours. The organic layer was washed with water
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(200 mL) 5% NaHCO; (2 x 250 mL), and water (200 mL). The removal of solvent afforded 52 52 g of
the tltle product (99%). ‘ o :
Synthesis of N15. Toa suspensron of adenosine (40 g, 0. 15 mol)in 1. 0 Lof DMF at0 °C, was
added NaH (8. 98 am of 60% in mineral orl 0.22 mol). The mixture was stirred at 0 °C for 1 hour, and
N14 (35.79.gm, 0 15mol) was added. The reaction was stirred at 30 °C ovemlght itwas quenched
by '100 mL ice-water. The solvents were removed under high vaccum. The resultant foam was
dissolved in a mixture of 800 mL of ethyl acetate and 700 mL of water. The aqueous Iayer was further
extracted by ethyl acetate ( 3 x 200 mL). " The combined organic layer was dried over NaZSO. and
concentrated The crude product was further purified on a flash column of 300 g of silica gel packed
with 1% TEA in dichloromethane. The eluting solvents were dichloromethane (500 mL) 3% MeOH in’
drchloromethane (500 mL), 5% MeOH in dichlofomethane (500 mL), and 8% MeOH i in
drchloromethane (2000 mL). The desired fractions were collected and concentrated to afford 11. 70 g ’
of the title product (19%). .

Synthesis of N16. Toa solution of N15 (11.50 gm, 27.17 mmoi) in 300 mL dry pyridine cooled at 0
°C was added tnrnethylsrly chloride (13 71 mL, 0.11 mol, 4.0). The mixture was stirred at0 °C for 40

. min. Phenoxyacetyl chloride (9.38 mL, 67.93 mmol) was added. The reaction was stirred at 0 °C for

25h. The mixture was then transferred to a mrxture of 700 mi of dichloromethane and 500 mL water

The mrxture was sshaken well and organic layer was separated After washing twice with 5% NaHCO, .

(2x 300 mL) dichloromethane was removed on a rotovapor. Into the residue was added 200 mL ot

~water, the resultrng pyridine mixture was stirred at room temperature for2 hours. The so|vents were

then removed under high vacuum. The gum product was co-evaporated with 100 mL of pyndrne The

residue was dissolved in 250 mL of dry pyridine at 0 °C, and 4, 4'—d|methoxytntyl chlorrde (11 02 gm,

32.60 mmol) was added. The reaction was stirred at room temperature ovemrght The solutron was
transferred to a mrxture of 700 mL of dichloromethane and 500 mL of 5% NaHCO,. After shaking well,
the organic layer was separated, further washed wrth 5% NaHCO;, (2 x200 mL), and then
concentrated. The crude product was purified on a flash column of 270 gm of silica gel packed with

1% TEA/30% CH,Clleexane The elutlng sotvents were 1% TEA/ 50% CHzclleexane (1000 mL),
and 1% TEA ICH2CI, (2000 mL). The fractions containing the desrred product were oollected and
concentrated to afford 10.0 g of the title product (43%).

Synthesis of N17. To asolution of N16 (10.0 gi‘n 11.60 mmol) in 300 mL dichioromethane. - '
Dnsopropylethylamrne (16.2 mL) and catalytrc amount of N, N—drmemylamrnopyndme(zoo mg) were

- added. The mrxture was cooled in an ice-water bath and N, N—dusopropylamrno cyanoethyi

phosphonamidic chloride (7.78 mL, 34.82 mmol) was added. The reactron was stirred atroom
temperature ovemrght The reaction mrxture was diluted by adding 250 mL. of drchloromethane and. -
250 mL of 5% NaHCO,. After shaking well, the organic layer was separated and washed once more
with the same amount of 5 % NaHCO, aqueous solution, dried over Na,SO,, and ooncentrated. The
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crude product was purified on a flash column of 120 gm of sifica gel packed with 1% TEA and §0% -
dichloromethane in hexane. The eluting solvents were 1% TEA and 10% dichloromethane in hexane
(500 mL) 1% TEA and 20% dichloromethane in hexane (500 mL), and 1% TEA and 40% A
dlchloromethane in hexane (1500 mL) The right fractions were collected and concentrated to afford
the ﬁnal product (7.37gm, 60%) B

" Example 3 -
Synthesis of nucleoside with ferrocene attached via a phosphate

The synthesis of Y63 is described as shown in Figure 11. '

Synthests' of C1 02{ A reaction mixture consisting of 10.5gm (32.7 ‘mmol) of Nﬁ, 16gm of potassium

acetate and 350 mi of DMF was stirred at 100°C for 2.5hrs. The reaction mixture was allowed to coo!
to room temperature and then poured into a mixture of 400mi of ether and 800mi of water. The -
mixture‘was shaken and the organic layer was separated. The aqueous layer was extracted twice
with ether. The combined ether extracts were dried over sodium sulfate and then conoentrated for -
column chromatography Silica gel(160 gm) was packed with 1% TEA/Hexane. The crude was loaded
and the oolumn was eluted with 1 % TEA/0-100 % CH;CIleexane Fractions contaming desired -
product were co|lected and oonoentrated to afford 5. 89 (59.1 %) of C102.

. !nthesﬁ o: Y61; To a flask oontammg 5 1gm (17. ) mmol) of €102 was added 30ml of Droxane To
this solution, small aliquots of 1M NaOH was added over a period of 2.5 hours or unbl hydrolysis was

complete. After hydrolysrs the product was extracted using hexane. The combined extracts were
dned over sodium sulfate and concentrated for chromatography Silica gel (100 gm) was packed in
10% EtOAc/ Hexane. The crude product solution was loaded and the column was eluted with 10% to

- 50% EtOAc in hexane. The fractions contarmng desired product were pooled and ooncentrated to
- afford 4.20 gm (96.1 %) of Y61. '

Synthesis of Y62: To a flask oontainihg 4.10 gm (15.9 minol) of Y61 was added 200miof -

dichloromethane and 7.72 mi of DIPEA and 4.24 gm (15.9 mmol) of bis(diisopropylamino) '
chiorophosphine. This reaction mixture was stired under the presence of argon overnight. ‘After the
reaction mixture was concentrated to 1/3 of its original volume, 200ml of hexane was added and then -
the reaction mixture was again concentrated to 1/3 is original volume. This procedure was repeated
once more. The precipitated salts were filtered off and the solution was concentrated to afford 8.24gm
of crude Y62. Without further puriﬁwtioh, the product was used for next step. '
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1nthesis of Y63: A reaction mixture of.1.0.gm (1 .45 mmol) of N- PAC deoxy-adenosme 1.77g of the
. crude Y62, and 125mg of N, N-dusopropylammomum tetrazolide, and 100 mi of dlchlomm_ethane. The
 reaction mixture was stirred at room temperature overnight. The reaction mixture was then diluted by
adding 100m of CH,Cl, and 100 mL of 5% NaHCO, solution. The organic phase was separated and
dried over sodium sulfate. The solution was then concentrated for column chromatography'.' Silica ge!
(35 gm) was packed with 1 % TEA /Hexane. The crude material was eluted with 1 % TEA110-40% .
. CH,Cl, / Hexane. The fractions containing product were pooled and concentrated to afford 0.25 gm of

the title product.

Synthesrs of Ethylene Glycol Terrmnated Wire W71 _

As shown in Flgure 12,0 .
yn g§[ of W55: To a flask was added 7.5gm(27.3 mmol) of tert-butytdrphenylchlorosrlane 25. 0

Example 4

PCT/US99/10104

gm (166.5 mmol) of tri(ethylene glycol) and 50 ml of dry DMF under argon. The mixture was stirred
and oooled i an ice-water bath To the flask was added dropwise a clear solution of 5.1 gm (30. 0

mmol) of AGNO, in 80 mL of DMF through an additional funnel. After the completeness of addition, the

rmxture was allowed to warm up to room temperature and was stirred for additional 30 min. Brown
AgCl precrprtate was ﬁttered out and washed with DMF(3 x 10 mL). The removal of solvent under

reduced pressure resulted in formation of thick syrup»lrke liquid product that was dissolved in about 80
mi of CH,Cl,. The solution was washed with water (6 x 100 mL) in order to remove unreacted starting
material, ie, tris (ethylene glycol), then dried over Na,soa Removal of CH,Cl, aﬂ‘orded ~10.5 g crude

product, which was purified on a column contammg 104 g of silica gel packed with 50 %

"CH,Cl/hexane. The column was eluted with 3-5% MeOH/ CH,Cl,. The fractions containing the

desired product were pooled and concentrated to afford 8.01 gm (75.5 %) of the pure tit!e product.

: gnthesig of W68: To a flask oontammg 8.01 gm (20 6.0 mmol) of W55 was added 8. 56 gm (25 8
mmol) of CBr, and 60 mi of CH,CL,. “The mixture was strrred in an ice-water bath. To the solution was

_ slowty added 8.11 gm (31.0 mmol) of PPh;i in 15 mi CH,CI2 The mixture was stirred for about 35 min."

"ato °C and allowed to warm to room temperature. The volume of the rmxture was reduoed to about

10.0 mi and 75 ml of ether was added. The precipitate was filtered out and washed with 2x75 of

: ether Removal of ether gave about 15 gm of crude product that was used for punﬁmtion Srt’w gel

(105 gm) was packed with hexane. Upon. toadmg the sample solution, the column was eluted with 50

8. 569m (72.0 %) of pure title product

92
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Synthesis of W69: A solutlon of 52 gm (23 6 mmol)of 4-|odophenol in 50 ml of dry DMF was cooled

inan rce-water bath under Ar. To the mixture was added 1.0 gm of NaH (60% in mineral onl 250 .

mmol) portion by portion. The mixture was stirred at the same temperature for about 35 min. and at
room temperature for 30 min. A solution of 8.68 gm (19.2 mmol) of W68 in 20 mi of DMF was added
to the flask under argon. The mixture was stirred at 50 °C for 12 hr with the flask covered with
alummum foil. DMF was removed under reduced pressure. The resrdue was dlssolved in 300 mi of
ethyl acetate and the solution was washed with H,0 (6 x 50 mL). Ethyl acetate was removed under
reduced pressure and the residue was loaded into a 100 g silica gel column packed with 30 %
CH,Cl/hexane for the purification. The column was eluted with 30-100% CHzclzlhexane The
fractions contammg the deswed product were pooled and concentrated to afford 9.5 gm (84.0 %) of the

title product.

Synthesis of W70:. Toa 100 ml round bottom flask containing 6.89 gm (11.6 mmol) of W69 was
added 30 mi of 1M TBAF THF solution. The solution was stirred at room temperature'for 5h. THF
was removed and the residue was dissolved 150 ml of CH,CL,. The solution was washed with H,O (4 x
25 mL). Removal of solvent gave 10.5 gm of seml-soltd Silica gel (65 gm) was packed with 50 %
CH,ClL/hexane, upon loadmg the sample solution, the column was eluted with 0-3 % CH,OH/CH,CIZ
The fractions were identified by TLC (CH,OH : CH,CL = 5:95). The fractions containing the desired ’_
product were collected and concentrated to afford 4.10 gm (99.0% ) of the title product.

Smthesls of W71 To a flask was added 1.12 gm (3 18 mmol) of W70, 0.23 g (0. 88 mmol) of PPh3
110 mg (0.19 mmol) of Pd(dba),, 110 mg (0.57 mmol) of Cul and 0.75g (3.2 mmol) of Y4 (one unit .

: wnre) The flask was flushed with argon and then 65 mi of dry DMF was introduced, followed by 25 mh

of dnsopropylamme The mixture was st:rred at 55 °C for2.5h. Al tsolvents were removed under
reduced pressure. The residue was. dlssolved in 100 ml of CH,Cl,, and the solution was thoroughly
washed with the saturated EDTA solution (2x100 mL) The Removal of CH,Cl, gave 2. 3 g of crude
product. Silica gel (30 gm) was packed with 50 % CH,Cl,/hexane, upon loading the sample solution,
the column was eluted with 10 % ethyl ::rcetate'ICHz(':l2 The concentration of the fractions oonta'ining
the desired product gave1.35 gm (2.94 mmol) of the title product, which was further punﬁed by -
reerystalﬁzahon from hot hexane solution as coloress crystals.

Example5 ‘
Synthesis of nucleoside attached to an insulator

As shown in Figure 13.: . .
Synthesis of C108: To a flask was added 2. Ogm (3.67 mrnol) of 2’-amino-5'-O-DMT uridine, 1. 63gm
(3.81 mmol) of C44, 5mi of TEA and 100m| of dichloromethane. This reaction mixture was stirred at
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room temperature over for 72hrs. The solvent was removed and dissolved in a small volume of
CH,Cl, Silica gel (35 gm) was packed with 2% CH;OH/1% TEA/CH,CL,, upon loading the sample
solution, the column was eluted with the same solvent system. The fractions containing the desired
product were pooled and concentrated to afford 2.5gm ( 80.4 %) of the title product.

Synthesis of C109: To a flask was added 2.4gm ( 2.80 mmol) of G108, 4mi of diisopropylethylamirie
and 80m! of CH,ClL, under presence of argon. The reaction mixture was cooled in an ice-water bath.
Once cooled 2.10gm (8 83 mmol) of 2-cyanoethy! diisopropyichloro-phosphoramidite was added

The mixture was then stirred ovemight. The reactlon mixture was diluted by addlng 10mi of methanol
and 150m} of CH,Cl,. This mixture was washed with a 5% NaHCO, solutlon, dried over sodlum sulfate
and then concentrated for column chromatography. A 659m-5|llca gel column was packed in 1% TEA
and Hexane. The crude product was loaded and the column was eluted with 1 % TEA/ 0-20 %

‘CH,Cl,/Hexane. The fractions containing the desired product were pooled and concentrated to afford

2.69gm (90.9 %) of the title product.

Example 6
Synthes;s of an electrode containing capture nucleic acids oontalmng
conductive ol:gomers and lnsulators

Using the above techniqueé, and 'standal‘d nucleic acid synthesis, capture probes’oompri_sin’g a.
conductive oligomer were made (hereina_fter *wire-1").” Conductive oligomers with acetylene termini '

were made as outlined herein (hereinafter "wire-2").

HS-(CH2)16-OH (herein 'insulator-Z") was made as follows.

16-Bromohexadecanonc acld 16-Bromohexadecanoxc acid was prepared by reﬂuxmg for 48 hl’S 5 O

gr(18.35 mmole) of 16—hydroxyhexadewno:c acid in 24 ml of 1:1 viv mlxture of HBr (48% aqueous
so[uhon) and glacial acetic acid. Upon cooling, crude product was solidified inside the reaction vessel.

* It was filtered out and washed with 3x100 mi of cold water. Material was purified by recrystalization
‘from n-hexane, filtered out and dried on high vacuum. 6. 1 gr (99% yueld) of the- desnred product were .
obtained. ‘ -

16-Mercaptohexadecanoic acid. Under inert atmosphere 2.0 gr of sodium Enetal suspension (40% in
mineral oil) were slowly added to 100 mi of dry methanol at 0°C. At the end of the addition reaction
mixture was stirred for 10 min at RT and 1.75 ml (21.58 mmole) of thioacetic acid were added. After
additional 10 min of stirring, 30 ml degassed methanolic solution of 6.1 gr (18.19 mmole) of 16-
bromohexadecanoic acid were added. The resulted mixture Was refluxed for 15 hrs, after which,
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allowed to cool to RT and 50 ml of degassed 1.0 M NaOH aqueous solution were lnjected Additional - -
reﬂuxmg for 3 hrs required for reaction completlon Resulted reaction mixture was cooled with i ice bath
and poured, with stirring, into a vessel containing 200 ml of ice water. This mixture was titrated to -
oH=7 by 1.0 M HCl and eicuacted with 300 ml of ether. The orgarric layer was separated, washed with .
3x150 ml of water, 150 ml of saturated NaCl aqueous solution and dried over sodium sulfate. After
removal of ether material was purified by recrystalization from n-hexane, filtering out and drying over
highvvacuum. 5.1 gr (97% yield) of the desired product was obtained.

16-Bromohexadecan-1-ol. Under inert atmosphere 10 ml of BH;-THF complex (1.0 M THF solution)
were added to 30 m! THF solution of 2.15 gr (6.41 mmole) of 16-bromohexadecanoic acid at -20°C.
Reaction r'nixture was stirred at this temperature for 2 hrs and then additional 1 hr a( RT. After that
time the resulted rnixture was poured, with stirring, into a vessel containing 200 mi of ice/saturated
sodium bicerbonate aqueous solution. Organic compounds were extracted with 3x200 mi of ether. The
ether fractions were combined and dried over sodium sulfate. After removal of ether material was

dissolved in minimum amount of dicloromethane and purified by silica gel chromatography (100% -

dicloror'n_ethane a_s eluent). 1.92 gr (93% yield) of the desired'product were ‘otrtaihed.

6-Mercaptohexadecan-1-ol Under mert atmosphere 365 mg of sodrum metal suspensnon (40% in -

' mlneral oil) were added dropwise: to 20 ml of dry methanol at 0°C After completlon of addrhon the

reaction mixture was stirred for 10 min at RT followed by addrtron of 0.45 m! (6.30 mmole) of .
thioacetic acid. After additional 10 min of stirring 3 ml degassed methanolic solution of 1.0 gr (3.11
mmole) of 16-bromohexadecan-1-of were added. The resulted mixture was refluxed for 15 hrs,
allowed to cool to RT and 20 ml of degassed 1.0 M NaOH aqueous solution were injected. Trre
reaction completion required additional 3 hr of reflux. Resulted reaction mixture was cooled with ice
bath and poured with stirring, into a vessel containing 200 ml of ice water. This mixture was titrated to
pH=7 by 1.0 M HC! and extracted with 300 ml of ether. The organrc layer was separated, washed with
3x150 mi of water, 150 m! of saturated NaCI aqueous solution and dried over sodium sulfate Afer”
ether removal matenal was dissolved in minimum amount of dtcloromethane and punﬁed by silica gel
chromatography (100% dicloromethane as eluent) 600 mg (70% yreld) of the desired product were
obtained. '

- A clean gold covered microscope slide was incubated in a solution containing 100 micromolar HS-. -

(CH>),e-COOH in ethanol at room temperature for 4 hours. - The electrode was then ﬁosed throughly’ )
with ethanol and dried. 20-30 microliters of wire-1 + wire-2 solution (1 micromolar in 1XSSC buffer at
pH 7.5) was applied to the electrode in a round droplet. The electrode was incubated at room
temperature for 4 hoursina moist chamber to minimize evéporaﬁon. The wire-1 solution was then
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removed from the electrode and the electrode was immersed in 1XSSC buffer followed by 4 rinses
with 1XSSC. The electrode was then stored at room temperature for up to 2 days in 1XSSC.

I Altematively and preferably, either a “two-step” or “three-step” process is used. The -“two-step"'
" 'procedure is as follows. The wire-1 + wire-2 mixture, in water at ~ 5-10 mlcromolar concentration, was

exposed to a clean gold surface and incubated for ~ 24 hrs. It was rinsed well wrth water and then
ethanol The gold was then exposed to a solution of ~ 100 mrcromolar insulator thiol in ethanol for ~

- 12 hrs, and rinsed well. Hybridization was done with complement for over 3 hrs. Generally the
' hybrrdrzahon solution was warmed to 50°C then cooled in order to enhance hybridization.

The “three-step” procedure uses the same concentrations and solvents as above. The clean gold
electrode was incubated in insulatorsolution for ~ 1 hr and rinsed. This procedure presumably results
in an incomplete monolayer, which has areas of unreacted gold. The slide was then incubated with a
mixture of wire-1 and wire-2 solution for over 24 hrs (generally, the longer the better). These wires still
had the ethyl-pyridine protecting group on it. The wire solution was 5% NH40H, 15% ethanol in water.
This removed the protecting group from the wire and allowed it to bind to the gold (an in srtu

deprotectron). The slide was then rncubated in insulator again for ~_ 12 hrs, and hybndrzed as above.

ln general a vanety of solvent can be used including water, ethanol acetonrtnle buffer mrxtures etc
Also, the input of energy such as heat or sonication appears to speed up all of the deposition

processes although it may not be necessary Also, it seems that Ionger mcubatlon penods for both

steps. for example as long as a week. the better the results.

' .Example 7
AC detection methods _

' Electrodes containing the drfl‘erent composrtlons of the mventron were made and used in AC detectron

methods. The experiments were run as follows.. A DC offset voltage between the workrng (sample)
electrode and the reference electrode was swept through the electrochemical potentral of the -
ferrocene typically from 0 to 500 mV. On top of the DC oflset. an AC signal of variable amplitude and
frequency was appred The AC current atthe excrtatlon frequency was plotted versus the DC oﬁset.

A‘ Example 8 S
- Comparison of Different ETM Attachments -~ . -

96
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A variety of different ETM attachments as depicted in Figure 15 were compared. As shown in'Table 1,
a detection 'probe was attached to the electrode surface (the sequence containing the wire in the

complementary to the detection probe) control label probes were added.

‘ table). Positive (i.e. probes complementary to the detection probe) and negative (i.e. probes not

Electrodes containing the different compositions of the invention were made and used in AC detection

" methods. The expen'ments'were run as follows. A DC offset voltage between the working (sample)

electrode and the reference electrode was swept through the electrochemical potential of the
ferrocene typically from 0 to 500 mV. On top of the DC offset, an AC signal of variable amplitude and

frequency was applled “The AC current at the excxtatlon frequency was plotted versus the DC offset.

' The results dre shown in Table 2, with the Y63, Vi and IV compounds showing the best results.

Not clear: There is no difference between positive oontrol and negative oontrol '
ND Not determmed A

| Metal Redox - - 10 Hz - | 100 Hz 1,000 Hz 10,000 Hz
Complexes | Potential (mV) |- : . i .
I 400 Not clear Not clear Not clear Not clear
qn | 380 0.15 uA 0.01 1A 0.005 1A ND
M (+control) [360 = |0025.A  |o00854A 0.034 LA ND
M(-control) [360 =~ |o0.022.A 0.080 A 0.090 pA ND
v 140 034pA - |30uA° 13.0 LA 354A
V- 400 -1 0.02 uA ND 0.15uA ND
VI(1). 140 022pA | 14pA 4.4 A 8.8 uA
VI(2) 140 1022.A 0.78 uA 5.1 A 44 LA
i 320 © . |o04uA  |ND 0.45uA No Peak -
~Ivinot. . |[380. |o0047,A  .|ND - ND. No Peak
| purified) L . o
Y63 - 160 254A° . |ND 36 LA 130 uA.

Table of the Ollgonucleotidw COntalnlng Different Metal Complexes -

Positive Control Sequence (:onhinlng Negatfve Control Sequence

Metal
| Complexes | Metal Complexes and NUmbering Containing Metal COmpIexes and ’
Numbering
I '—A(I)C ()GA GTC CAT GGT-3' “A(l)G (I)CC TAG CTG GTG-3'
#D199_1 A . #D200_1
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1w '-A(II)C (GA GTC CAT GGT-3' LA(IG (I)CC TAG CTG GTG-3' —
#D211_1,2 : : #D212_1 .
m 5-AAC AGA GTC CAT GGT-3' "-ATG TCC TAG CTG GTG-3'
#D214_1 #D57_1
5-A(IV)C (IV)GA GTC CAT GGT-3'

5-A(IV)G (IV)CC TAG CTG GTG-3'
#D216_1 . :

Vv

-A(V)C (V)GA GTC CAT GGT-3'
#D203_1 - :

5-A(V)G (V)CC TAG CTG GTG~3'
#D204_1

vi

5-A(VI)C AGA GTC CAT GGT-3'
#D205_1

5'-A(VI)G TCC TAG CTG GTG-3'
#D206_1

vi .

5-A(VI)* AGA GTC CAT GGT-3'
#D207_1

SA(VI)* TCC TAG CTG GTG-3'
#D208_1

vil

-A(VII)C (VI)GA GTC CAT GGT-3'
#D158_3

-A(VIl)G (VI)CC TAG CTG GTG-3'
#D101_2

Vil

LA(VIIC (VI)GA GTC CAT GGT-3'
#D217_1,2,3

5-A(VIIG (VIIl)CC TAG CTG GTG-3"
#D218_1 - .

Metal

: Complexés

Sequence Containing Wire onG
Surface and Numbering

5-ACC ATG GAC TCT GT( Uw)-3'
#D201_1,2 -

5-'ACC ATG GAC TCT GT( Uw)-3'
#D201_1,2

*-ACC ATG GAC TCT GT(UW)-3'
#D201_12

5-ACC ATG GAC TCT GT(UW)-3'
#D201_1,2 g

-ACC ATG GAC TCA GA(U,,)-3"
#D83_17,18 _

"-ACC ATG GAC TCT GT(UW)-S' o
#D201_1,2

5'-ACC ATG GAC TCT GT( Un)-3' -
#D201_1,2

Vil

5-ACC ATG GAC TCA GA(UW)-3'
#D83_17,18

vin

5-ACC ATG GAC TCA GA(Uw)-3' '
#D83_17,18 -

Example 9

Preferred Embodlments of the lnventxon
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A variety of systems have been run and shown to work well as outlined below. All compounds are -
referenced in the Frgures Generally the systems were run as follows. The surfaces were made,
comprising the electrode, the capture probe attached via an attachment linker, the conductive:
oligomers, and the insulators, as outiined above. The other components of the system, including the
target sequences, the capture extender probes, and the label probes, were mixed and generally
annealed at 90°C for 5 minutes, and allowed to cool to room temperature for an hour. The mixtures
were then added fo the electrodes, and AC detection was done.

Use ot a capture probe, a capture extender probe, an' unlabeled target sguence'and a [ahel probe:

A capture probe D112, comprising a 25 base sequence, was mixed with the Y5 conductive oligomer
and the M44 insulator at a ratio of 2:2:1 using the methods above. A capture extender probe D179,

-.'compnsmg a 24 base sequence perfectly complementary to the D112 capture probe and a 24 base
' sequence perfectly complementary to the 2tar target, separated by a single base, was added, with the
2tar target. The D179 molecule carries a ferrocene (using a C15 linkage to the base) at the end that

is closest to the electrode. When the attachment linkers are conductive oligomers, the use of an ETM"
at or near this position allows verification that the D179 molecule is present. A ferrocene at this
position has a dlfferent redox potentral than the ETMs used for detection. A iabel probe D309
(dendrimer) was added, compnslng a 18 base sequence perfect!y complementary to a portron of the
target sequence, a 13 base sequence linker and four ferrocenes attached using a branchlng
configuration.. A representatrve scan is shown in Figure 16A. When the 2tar target was not added a
representatrve scan is shown in Figure 168. No further representatlve scans are shown

s capture probe and a labeled targe
gg_amp_e_& Acs npture probe D94 was added with the Y5 and M44 conductive oligomer at a 2:2:1 ratio -

_ with the total thiol concentration being 833 #M on the electrode surface as outiined above. Atarget.

sequence (D336) oompnsmg a 15 base sequence perfectly oomplementary to the D94 capture probe, - -
a4 base linker sequence, and 6 ferrocenes linked via the N6 compound was used A representatrve
scan is shown in Figure 20C. The use of a different capture probe, D109, that does not have
homology wrth the target sequence, served as the negatlve control

mgle B A wpture probe D94 was added wrth the Y5 and M44 oonductrve ollgomer ata 2 21 raho
with the total thiol concentration being 833 uM on the electmde surfacs, as outlined above. Atarget -
sequence (D429) comprising a 15 base sequence perfectly oomplementary to the 094 capture probe,
a C131 ethylene glycol linker hooked to 6 ferrocenes linked via the N6 compound was used. A
representative scan is shown in Figure 20E. The use of a different capture probe, D109 that does not

- have homology with the target sequence, served as the negatrve control.
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Use of a cagmg .gmbg, a capture extender probe, an unlabeled target sequence and two label probes

with long linke: een the target binding sequence and

The capture probe D112, Y5 conductive oligomer, the M44 insulator, and capture extender probe
D179 were as outlined above. Two label probes were added: D295 comprising an 18 base sequence
perfectly complementary to a portion of the target sequence, a 15 base sequence linker and six
ferrocenes attached using the N6 llnkage depicted in the Figures. D297 is the same except thatit's 18
base sequence hybndrzes to a dlfferent portron of the target sequence.

Useofa wgture probe, a capture extender probe, an unlabeled target sequence and two Iabel probes
wrth short linkers between the target binding sequence and the ETMs: ' '
The capture probe D112, Y5 conductive oligomer, the M44 insulator, and capture extender probe

~ D179 were as outlined above. Two label probes were added: D296 compnsrng an 18 base sequence

perfectly complementary to a portlon of the target sequence, ‘a5 base ¢ sequence linker and six

ferrocenes attached using the N6 linkage depicted in Figure 23. D298 is the same, except thatit's 18 -

base sequence hybridizes to a different portion of the target sequence.

Use of twi cature robes, two ca ture ca €, der probes, an unlabeled large sequ
. and two label pro! ith long linkers between binding and the ET

This test was drrected to the detection of rRNA The Y5 conductive oligomer, the M44 lnsulator and
one surface probe D350 that was complementary to-2 capture sequences D417 and EU1 were used
as outlined herein. The D350, Y5 and M44 was added at a 0.5:4.5:1 ratio. Two capture extender
probes were used; D417 that has 16 bases complementary to the D350 capture probe and 21 bases
complementary to the target sequence, and EU1 that has 16 bases complementary to the D350
capture probe and 23 bases complementary to a different portion of the target sequence;’ Two label A
probes were added D468 comprising a 30 base sequence perfectly complementary toa portson of the
target sequence a linker comprising three glen linkers as shown in Figure 15 (compnsrng
polyethylene glycol) and six ferrocenes attached using NG. D449 i is the same, except that it's 28 base

sequence hybndrzes toa drfferent portion of the target sequence, and the polyethylene glyool linker g
_ used (C131)is shorter

U'care A eadlb

Q mg A, A capture probe D112, Y5 conductive olrgomer and the M44 insulator were put onthe “

electrode at 2:2:1 ratio with the total thiol concentration bemg 833 M. A t_arget sequence MTiwas
added, that comprises ‘a sequence cornplementary to D112and a 20 base sequence coniplementary
to the label probe D358 were combined; in this case, the label probe D358 was added to the target - -
sequence prior to the introduction to the electrode. The label probe contains six ferrocenes attached
using the N6 linkages depicted in the Figures. The replacment of MT4 with NC112 llvhich is not
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complementary to the capture probe resulted in no sugnal snmxlaﬂy the removal of MT1 resulted inno
signal.

» Exa ample B: A capture probe D334 Y5 conduct:ve olxgomer and the M44 insulator were put on the .

electrode at 2:2:1 ratio with the total thiol concentration bemg 833 pM A target sequence LP280 was
added, that comprises a sequence complementary to the capture probe and a 20 base sequence _
oomplementary to the label probe D335 were combined; in this case, the label probe D335\ was added

-to the target prior to introduction to the electrode. The label probe contains six ferrocenes attached

usnng the N6 linkages depicted in the Figures. Replacmg LP280 with the LN280 probe (which is
complementary to the Iabel»pr_obe but not the capture probe) resutted in no signal. -

101



10

15

20

25

- 30

35

We claim:

 woswsTir . ' ' PCT/US99/10104

" CLAIMS

1A cofnpositiori comprising an electrode comprising: :
a) a monolayer comprising a mixture of conductive oligomers and insulators; and
b) a covalently attached capture binding Iigand.

2 A composmon accordxng to claim 1 further eompnsung
a)a solutnon binding ligand comprising a first pomon that will bnnd toa target analyte and
b)a recrmtment linker comprising a first portion comprising at least one ETM.

3 A oomposmon according to claim 2 wherem said solution binding Ilgand compnses a second pomon
comprising said recruitment linker. '

-4 A composmon according to claim 2 wherem said soluhon binding llgand compnses a second

portion that will directly or indirectly bind to a first pomon of said recruitment linker.

5. A composition according to claim 4 wherein said second portion of said solution binding ligand will

directly bind said first portion of said recruitment linker.

6. A composut!on according to claim 1 further comprising: ‘
a) a target analyte analog comprising a recruitment linker comprising a first pomon compnsing '
at least one ETM ’

7 A composmon accordmg to clalm 1 further oompnsmg .
a) a recruitment linker comprising a first porbon compnsmg at least one ETM; and
b) a larget analyte analog comprismg a ﬁrst portton that will dlrectly or indirectly blnd toa -
seoond portion of sald recrultment linker.

8. A composiﬁon according to claim 2, 6 or 7 wherein said ETM Is ferrocene.

9. A composmon aocordmg to clalm 2, 6 or 7 wherem said recruxtment hnker compnses a plurahty of

_ETMs.

10. A compos'itionb aocordir_\g to ciaim 1 wherein safd capfuré bihding ligand is nucléic acid.
11. A composition according to claim 1 Wherein said capture binding ligand is a protein.
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12 A composmon acoordmg to clalm 1 wherem said capture binding hgand isa carbohydrate
13. A'composiﬁcn according to claim 2, 6 or 7 wherein said recruitment linker is nucleic acid.

14 A method of detecting a target analyte in a sample compnsmg

a) binding a target analyte to an electrode comiprising:

|) a monolayer compnsnng a mixture of conductive oligomers and insulators; and

ii) 'a covalently attached capture binding ligand; ' _
b) binding a solution binding ligand to said target analyte, wherein said solution binding ligand
comprises a first portion that will bind to-a target analyte and a directly or indirectly attached
recruitment lmker comprising a first portion compnsmg at least one ETM and .
d) detecting the presence of said ETM using said electrode as an indication of the presence of
the target analyte.

15. A method of detecting a target ana|yte in a sample comprising:
- a) replacing said target analyte in sald sample with a target analyte analog compnsmg a
| dlrectly or indirectly attached recruitment linker compnsmg a first portion compnsing at least o
. one ETM;
b) bmdmg said target analyte analog to an electrode comprising: A
i) a monolayer comprising a mixture of conductive oligomers and ineulators; and .
ii) a covalently attached mpture binding hgand
. d) detectlng the presence of said ETM usmg said electrode as an indication of the presence of_
the target analyte. '

16. A method accordmg toclaim 14 or 15 whereln said recrultment linker compnses a plurahty of
ETMs. ’

&

17. A method according to claim 14 or 15 wherein said ETM is ferrocene.

18. A'method according to claim 14 or 15 wherein said capture binding ligand is nucleic acid.

19. A method according to claim 14 or 15 wherein said capture binding ligand is a protein.

20. A method according to clair 14 of 15 wherein said capture binding figand is a carbohydrate.

21. A method according to claim 14 or 1§ wh'eréin said recruitment linker is ﬁucleicacid.
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Synthesis Scheme of Branched Adenosine |
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- Synthesis Scheme of Y63
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o Syntﬁesis’ Scheme of Ethylene Glycol Teﬁpinated Wires

H-fOCH,CH; %08 + Ph—g T ('B'_’)(Ph)’Si_GOCﬁZCHﬁ’_‘OH' '
3 ‘n=2,C119
=3, Ws5
- | | - . n=4, W72 |
{(Bu)(Ph),Si—¢OCH,CH; 35 Br | (Bu)(PL),Si—0CH,CH,)-0—
CBry/PPhy/CH,Ch =2 C120 e o1
% ama 1—-©—0Na n=2,Cl121
. n=3, W68 : ’ '
4w DM i
'y X . n= 4' W74

IBAF/THF H_;(dcn,‘cnz-)ﬁo—-@-l = (O)-s-cacusican
' n=2,Cl22 : ) :

n=3, W70

n=4, W75

E%OCH;CHZ}EOS-CHZCH‘IS(CH,),
' n=2,H3 ' '

_ n= 3?. w7
= 4, w76
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: Lxst of Metal c'o'nipl'exe's for Comparison
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Synthesis Scheme of Cytidine Ferrocene
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- Starndard DNA Synthesis Ushgr_:ij :
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'Scheme of Incorporating Multiple ETMs Usi'ng, Branching Phosphqrainidite -

Standard DNA Synthesis
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